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Practical Navigation . 
OR 


An Introduction Al the whole Art, 


Containing many Uſeful and Geometrical 
Definitions and Problems ; The Doctrine of Plain 
and Spherical Triangles; Plain Mercator, and great 
Circle-Sayling ; Sundry uſeful Problems in Aftro- 
nomy ; The uſe of Inſtruments; The Azimuth- 
Compaſs; Ring-Dyal; Variation-Compaſs; The 
Fore-Staff, Quadrant, Plow, Croſs-Bow-Quadrant, 
Removing-Quadrant, Nocturnal and Moon Dyals , 
The Plain Scale z Gunter's-Scale ; Sinical-Quadrant, 
Plain-Chart, Mercators-Chart, both Globes, the 
Inclinatory Needle, and the Vertues of the Load- 
Stone ; Uſeful Tables of the Moons Age, of the 
Tydes, of the Sun's Place, Declination and Right 
Aſcention ; of the Stars Right Aſcention and De- 
clination ; The Latitude nn, Longitude of Places ; 
A Table of Meridional Parts ; New Traverſe Ta-' 
bles, and their Uſe in keeping a Reckoning at Sea : 
Alſo a Table of 10000 Logarithms, and of the Log. 
Sincs, Tangents and Secants. 
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The P:eface to the Reader. 


Courteous Reader, 

Have here preſented thee with .a ſecond Edition of this 
[| Treatiſe, called PraCtical Navigation, wherein 
ſeveral Emendations and Correftions are made, of Er- 
rors that were committed in the firſt Impreſſion , Alſo with 
ſome Additions that I judged neceſſary, for the better ac- 
commodating the Book, and rendering it more generally 
orafticable Yor the Uſe of Sea- Men : As in the Dofrine 
of Oblique Spherical Triangles, Mercators, and Great- 
Circle-Sayling. Many uſeful Problems of Aſtronomy ; 
the Variation Compaſs, Plain Scale, and its Uſe in Merca- 
tors Sayling ; Great-Circle-Sayling, and in Problems of 
Aſtronomy ; a large Table of the Latitudes and Longitudes * 
of Places : The Table of Meridional Parts enlarged, to e- 
very Degree and Minute ; new Traverſe T ables, and their 
Uſe in keeping a Reckoning ; with Tables of Logarithmes, 
and Artificial Sines, Tangents, and Secants. All which 1 
humbly tender to the favourable and candid Acceptation 
of the judicious Mariner, and reſt, yours ta ſerve you to 

my power, 


From my Houſe, at the John Seller . 


Hermitage Stairs 2 
Wapping, this 24th 
vf November, 1672» 


—_—_— 


—_—_ 


CE ns 


On the Pzattical Navigation of my very g00d 


Friend Mr. JOHN SELLER; 


Our Book (kind Sir) Thave perus'd, and find 
Rich Arguments of an ingenious Mind ; 
That for our good your Talent will not hide, 
But build a L:ght-Houſe Mariners to guide. 
What others have in mighty Volumns done, 
You neatly here have couched all in one, 
Yet is your Book to no great Volumn grown, 
Though grac'd with learn'd Additions of your own, 
For me to praiſe your Work, might be my blame, 
Fearing ihy meanneſs might diſpraiſe the ſame : 
You want not learned Pens, in lofty Verſe, 
Yaur well-deſerved Praiſes to rehearſe, 
Mean Artiſts, Men obſcure ( and ſucham1T ) 
Ought r'wiſh and pray for your proſperity. 
Yet rouſe (for once) my humble Muſe, and ler 
The Countrey Oat-Pipe drown the Flajolet ; 
And *tis but fitting (fich your pains in this 
To City and to Countrey uſeful is) 
That City Poetry, and Countrey Layes, 
With joynt conſent ſhould eccho forth your praiſe. 
Who doth peruſe your Work, ſhall ſurely find, 
The Subje& handled well, and well defign'd, 
You much have done in little : here we find, 
What in this Art may pleaſe a curious mind, 
The Longitude excepted : but if we 
Your Rules obſerve, obtained it may be 
For uſe ſufficient ; bur the ſame to get, 
With certainty, is not diſcovercd yet, 


Which: 


'W hich rare Performance, if that any can 
Make plainly out, I wiſh you be the Man. 
But ſtay my Muſe, be ſhort, and not ſo rude, 
Te ogly wiſh you well and ſo conclude, 
May theſe your Labours (as they profit all) 
+ Mater Turn to your profit, and your good withall, 
Wrights May no baſe Plagiaric arrogate 
—_—_ 3 That to himſelf which you by pains have got. 
Aercater. May never Engliſh Man be ſo unkind, 
ID:W4r4 (As famous ® I/rigbt, and reverend + 1Warddo find) 


Invention 
of aTrian- T* aſcribe to Strangers what you have ſet forth, 


ge —_ Detracting ſo from their and your true worth, 
applyed ro May you eneourag'd be, as reaſon is, 


Attro29 To publiſh more ſuch uſeful Works as this, 


bed'to Co, May you be happy ever, inthe end , | 
74g4». Thus prayes your humble Scrvant,and your Friend, 


Wrfleleigh in Gloceſterſhire, Nathaniel Friend, 
tix miles from By;ſtol, 
Sept. 20, 1672, 
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"_ N avigation, 
OR, 


AN INTRODUCTION 


TO IHE 


Whole A R T. 


za AVIGATIO N, that uſeful part of the CMathema- 
SN EA tricks, is a Science w hich has been highly valued by the 
Antients, eſpecially by our Anceſtors of this liland ; 
it being indeed the Beauty and Bulwark of Ex land, 
the Wall and Wealth of Brittain, and the ridge 
that joynes it to the Univerſe, 


It conſiſts of two general Parts, 


Firſt, That which may be called the Domeſtick, or more common 
Navigation, | mean Coalting or Sailing along the Shore, This part im- 
loyes the Mariners Compaſs and Lead, as the chief Inftruments, and 
Fon an Introduction of this kind, I reter you to my Book Intituled, The 
ExG11sSH PxLOT and Sta ATLAS, deſcribing the Cea-Coaſts, 
Capes, Soundings, Sands, Rocks and Dangers z che Bayes, Roads, Har- 
bors,Rivers and Ports,in molt of the known parts of the World, Shewing 
: the 


2 Practical Navigation, 

the Courſes and Diſtances from one place to another, the ſetting of the 
Tydes and Currents, the Ebbing and Flowing of the Sea,and many other 
things belonging to the praRtick part of Navigation, Be;yg furmifhed with 
new and exact Draughts and Deſcriptions, collected from the experience 
of divers of Our able Navigators, the Like not heretofore publiſhed in 
England. 

Secondly, That which may more properly bear the Name, and prin. 
cipally deſerves to be Intituled the ART or NaviGaTioON, 1s 
that part thereof which guides the Ship in her courle through the Im- 
menſe Ocean, to any part of the known world 3 which cannot be done 
unleſs it be determined in what place the Ship 1s at all times, both in re- 
ſpect ot Latitade and Longitude; this being the principal care of a Ng« 
vigator, andthe CMaſter-piece of Nautical Science. 

To the comendable accompliſhment of which knowledge, theſe four 
things arcſubordinate Requiſtes, 


Arithinekick, 
Vis Geometry, 
: Lrigonometry, and 
The Doctrine of the Spheres, 


For the firſt of theſe, AR1THMETICx, I ſhall reter you to ſome 
of thoſe Books already extant z the reſt ſhall be here created of in their 


order. 
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Containing ſundry uſeful Definitions and Problems of 
GEOMETRY. 


SECT 1 
Geometrical Definitions. R 


© PorxrtT, is that which cannot be divided, having 
neither Part nor Quantity, and thertore void of length, 
breadch, or depth ; and is repreſented 

in the Margine by the Letter A, A. 


RD) AL1xtisa ſuppoſed length, 
excending it {elt without breadth or thickneſs, and 1s 


Right, asA, A, — 


Or Curvcd, as B, — 
| P ws... © 


An ANGLE), Is the Inclination of two Lincs 
one to another, the one touching the other, yet not 
{o as to make one Line, A 


A RiohuTt-LiN'D ANGLE, is that which is 
contained by right Lines, as the Angle, A B C. | 
B C 
B 2 


Geometrical Definitions, 


A RiGcnT-11n'd ANGLE, Is either: 
Right-angled or Oblique, 


D | | 
i A RiGHT-ANGLE), 15 when a Righr ; 
Line {tanding upon a Right Line, makes the 
Angles on each tide equal to each other ; as g 
A -B theRight Angles A C D, and BCD, 
C 
& 2 AnOn1iiQue-ANGTLE,is either Acute | 
or Obtuſe. | 

/ An ACUTE-ANGLE, Is leſs than a 
, Right, as che Angle D E B, | 
A D An Or Tus tE-ANGL-E, is greater.than ; 
E - a Right Angle, 5 AEB, | 
\ 


A Plain Figare, 15 contained under one 
term or many. 
A- Cirsle, isa plain Figure contained un- 


der one term or Line, called the Circurfe- 
A rence, unto which all Lines drawn from a 
certain point within the Figure are equal ; 
and that point is called the Center, as A. 
A Right-lin'd Fignre, 1s contained by 


Right-Lines, and is cither three. (ided, four... 
Tided, or many fided. 


A Triangle, isa three-fided Figure, and 
is conſidered cither in reſpeR of its Sides or 
Angles, 
A In reſpe&t of its Sides, *ris either, 
Eauilateral , having three equal Sides ; 
as A, 


| | Or Equicrural, having two equal Sides, 
as B, 


"pjr* 
5 


& 


Geometrical Definitions; 


| | Or Scalenum, having three unequal fides; 
ſw 23 D, 
, | In reſpeR of its Angles, 'tis either; 
; ; | Right-angled, which hath a Right-Angle 1 
: as E. 
. Or Obl;que-angled, which hath no Right- 
! Angle, butan Obcuſe-Angle, as C, . * 
| 
) | 
| 5 Or three Acnte- Angles, as G. 
| Of four-ſiaed Figures; 
| | A Square, is that which hath four equal 


' Sides, and four Right-Angles, as A, 


JG 


An Oblong, hath four Right-Angles, and 
the oppoſite les equal, as B, | B | 


A' Rembus, hath four equal Sides, but 
is not Right.Angled, as C, 


eA Romboides, hath the Oppoſite Sides _ 

and Angles equal; but is neither cqual-faded, / D / 

Nor Right-angled, as D. _ 1 
A 


| c Geometrical P2oblems, 


All other four - ſided Figures are called 
E Trapez4a's, a5 E, 


| = Parallel, or equi-diſtant Right Lines are 

| ſuch, which being in the ſame Superficies, if 
DO —_— infinitely produced would never meet, as A 
LJ ————— and B, | 


SECT. BL 


Geometrical -P2oblems, 


How ta raiſe a Perpendicular fromthe middle of a Line giver. 


D E T the Line given be AB, and 
E*:-R let C be a point therein whercon 
 '©r 4 it 15_required to raiſe a Perpendi- 

cular.” Firſt therefore, open the 
Compaſles to any convenient diſtance, and 
ſetting one foot in the Point C, with the 
other ler oft on either fide thereof the equal 
diſtances CA and CBy Then opening 
the Compaſſesto any convenient wider di- 
ſtance, ſetting one foot in the point A, 
with the other ſtrike the occult Arch at F, then with the ſame diſtance 
et onefodt in the point B, and with the other draw the Arch F, croſſing | 
E inthe point D; from whence draw the Line D C, which Liue 1s a Per- 
pendicular unto the given Line A B as was required, 


A e 


— 


Geometrical Þ2oblems, 5 


S130 To let a Perpendicular fall from a Point aſſigned to the 
middle of a Line given. 


re 
if Let the Line given whereupon you A 
A would have a Perpendicular let fall, be | 
the Line BCD, and the Point A tobe 
the Point alſigned trom whence you 
_ would have a Perpendicular let fall up- 
on the given Line B CD, Firſt ſer one 
foor of your Compaſles in the Point A, 
and opening them to any convenient di- my FL 
ſtance, ſo that it be more than the Line Þ ' D 
* AC; Deſcribean archot a Circle with 
the other foot ſo that it may cutthe Line BCD rewice, that is, at E and 
1 F, then finde the middle between theſe, which will be the Point C, from 
3 which Pointdraw the Line AC, which is the Perpendicular which was 
co be let fall, 
nd | ; 
Hl Toraiſe a Perpendicular up the end of a Line givens 
dt- - 
the | 
nd | Suppoſe the Line whereupon you 1 
the would have a Perpendicular raiſed, be .C 
nal {| theLine AB; Firſt open your Com. \ 
ing. | paſlesto a convenient diſtance, and ſet D 
di. #J. one foot inthe Point B, and let the 0- 
F* } ther Point fall any where above the Line, 
in 1 asatthe Point D; andin that Point let A ——— 2 B 
ing \ one foot of your Compaſles remain,turn- Ez 
Why ing the other about, until it touch the 


Line AB in the Point E; then turn the ſame Foot of the Compatl- 
ſes towards C, and draw an occult Arch, and lay the edge of a Ruler 
to thoſe ewo Points E and D, and where the ſame edge of the Ruler doth 
cut the Arch C, from that Point draw the Line CB, which ſhall be a 
Perpendicular at the end of the Line AB, 


T9 
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s © Geometrical Pzoblems; 


Tolet fall a Perpendicular from a Point aſſigned unto the 
end of a Line given, 


D, 6 Let theLine AB begiven, unto which 
| It 15 required to ler a Perpendicular fall from 
the aſligned Point D, unto the end A, Firſt 
from che aligned Point D, draw a Line unto 
any part of the given Line A B, which may 
bethe Line DCE, then find the middle of 
the Line DE, which 3s at C, place one foot 
of your Compaſles in that Point, and extend 
che other foot umo D or E, with which diſtance draw the Semicircle 
D AE, which ſhall cut the given Line A B in the Point A , from which 
Point draw the Line D A , which is the Perpendicular ler fall from the 
aſſigned Point D, near the cnd of the given Line A B, as was required, 


Todraw a Line Parallel to a Line given, 


Let AB be a Line given? 

G FS > "Þ* IL whereunto it 15 required to | c_ he 

| _ _— _ ſet _— of 
oh rnd — our Compaſies in the Point C 
-_ CG uy nd ak the other foot at plea- 
ſure,draw the Arch E; then with the {ame diſtance ſet one Foot in the 
Point D, and draw the other Arch F —_ lay a Rule to the Convexi- 
ties of both thoſe Arches, and draw the Line G H, which ſhall be a Paral- 


Iel, to A B, as was required, 


\ 
2 


Plain Trigonometry. 


How to make an Angle equal to an Angle pruen, 


Let ABC be the given Angle , draw the Line D E, and upon B as a 
Center, defcribe the Arch GH, between the ſides B A and BC, and 


"Pd. LA 


B © - 


G D K £E 


upon the Point D, with the ſame extent, deſcribe the Arch K L, and 
place the extent GH from K to L; then chrough the Point L, draw 
DF; fois the Angle EDF equalto ABC, which was required. 


LISSALLLAISIIISI BALLS SS SSSSILSs 


CHAP. -H. 


Treateth of the DoCtrine of Plain or Right- 
Lind TRIANGLES. 


SECTI. I. 


Containing ſome things neceſſary to be underſiood, relating to the 


Science of Plain Trigonometry. 
# H E Dottrine of Triangles is converſant in the Menſuration of 


Triangles Plain or Spherical, comparing the Sides and Angles 
together, according to known Analogies ; whereby three things 
veing given, either Sides, Angles, or both, a tourth Side or Angle may be 
tound, GC Bur 


10 Plain Trigonometry, 


But becauſe the Angles of both Plain and Spherical are meaſured by 
Arches of Circles, and the ſides hkewile of Spherical Triangles are them- 
felvcs Arches of great Circles, therefore thele Arches are 1n manner rg- 
daced into the Right Lines applyed thereunto. 


The Right Lines applyed to Circles, are Chords, Sines, Tangents or 
Secants, 

A Chord is a Right Linc drawn in a Circle, from one part of the Cir. 
cunterence tothe other, as in the annexed Figure, 


LA 
>> 
- 


HK is the Chord of the Arches HEK and HDK, alſo DE the 
Drametey is the Chord of the Semicircles DAE and DBE, 

The tight Sine of an Arch 1s halt the Chord of ewicethat Arch, as HG 
being halt the Chord H K, 1s theright Sinc of theArch HE; alſo of 
the Arch H A D, the Arch H E being the halt of HEK , the Sine Com- 
plement ot the ArchHE us H1, equalto CG. 

The Verſod Sine of an Arch, 15 that part of the Diameter which lyerh 
be:v2en the right Sine of that Arch and the Circumterence, fo that G 
E 15 the Verſod Sint of the Arch HE, and G D the Verſod Sine of the 
Arch H AD. 

The Tangent of an Arch, is a Right Line touching the Arch, being 
Perpendicular to the Radius drawn tothe point of Contacts, and concur- 
ring with a Line drawn from the Ceiitcr, through the term or end of 
that Arch; ſo EF is a Tangent of the Arch E H, 

A St. 


ior 0 OOREEReomm_ 


Mlb. - 


Plain Trigonometry. II 


A Secant is that Right Line drawn from the Center of the Arch until 
it meet with the Tangent; SoCF is a Tangent of the Arch EH. 

It 15 to be underſtood chat every Circle is divided into 3 60 equal parts, 
called Degrees, every Degree into 6o parts, called Minutes, and cvery 
Minute intro 60 parts, called Seconds, &c. 

The Complement of an Arch or Angle, is commonly the Complement 
thereof co ( or that which makes it up) 90 Deg. Bur if ir be ment the 
Complement thereof to a Semi-Circle, it's expreficed by the Complement 
to 180 deg, 

A Plain Triangle is contained under three right Lines, and is cicher 
Right-Angled or Oblique, 

Inall Plain Triangles, two Angles being given, the third is alſo given: 
And one Angle being given, the Sum of the other ewo is alſo given ; be- 
cauſe the three Angles together are equal to two right Angles, 

Therefore in a Plain Right-Angled Triangle, one of the Acute An- 
gles is the Complement of the other, to 90 deg. 

In the ſolution of Plain Triangles, the Angles being onely given, the 
Sides cannot be found, but only the reaſon of the Sides : Ir is theretore ne 
ceſlary that one of the Sides be known. 

In a Right- Angled Triangle two Terms ( behides the Right-Angle ) 
will ſerve to find the Third, ſo one of them be a Side. 

In Oblique-Angled Triangles there mult be three things given to find a 
fourth, 


Some Symbols uſed in the Doflrine of Triangles, for brevities ſaky. 


= Equal to. 

+ More. 

— Lels, 

% Mulciplyed by, or drawn into, 


Over a Number, ſtands for Degrees as 12* ſignifics x2 degs 
 Significs Minures, as x24 is 12 Minutes, 
ct. A Side. cr* Sides. 
An Angle. VV Angles, 


Z The Sum. 
X The Difference, 
S LYine. 


Sc Co-Sine, or Sine Complement. 
Co,Ar, Complement Arithmerical, 


Plain Trigonometry. 


© Tangent, 
© Co-Tangent, or Tangent Complement, 
2 R Ang. Tworight Angles, 


Q, Square. 


| In Right- Angled Plain Triangles, the Sides pm the Right 
Angle are called the Leggr, and the Side ſubtending ( or oppoſite to ) 
the Right Angle, is called the Hypothenuſe, 


| In the Dofrine of Triangles, three Lecters denote an Angle, as B A C 


fiznifics the Angleat A, ACB the Angle at C, Two Leners (hew 
a Side, as Side AB, or AC, | | 


In the DoRrine of Triangles, the given 
' Sides or Angles are noted with a daſh 
thus (/) | 


| The required Sides or Angles with a Cy- 
pher thus (0) 


In Right-angled Plain Triangles there are ſeven Caſes, and five in Ob. 
!ique. For the Solu:ion of which, theſe four Axzomes are ſufficient, 


Ariome 1, 
Of Right- Angled Triangles, 


In all Plain Right-angled Triangles any of the Sides may be put as 
Radius; and the 0:her S:des will be as Sines, Tangents or Secants. 


Ariome 


— 


: 
' 
| 
4 
| 
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Plain Trigonometry, 


Ariome. 11, 
Of Oblique Triangles, 


In all Plain- Triangles the Sides are in ſuch proportion one to annther 
25 are the Sines of their oppoſite Angles, 


Ariome 111, 


In all Plain Triangles, As the Sum of two Sides is to their difference, 
ſo is the Tangent of the halt Sum of their two oppoſite Angles, to the 
Tangent of the diflerence of either of them, above or under the half 


Tum, ; 
Ariome 1v, 


In all Plain Triangles, As the true Baſe is in proportion to the Sum of 
the other Sides, ſo 1s the difference of theſe Sides, to the difference of the 
Segments of the Bale. 


SECT, II, 
Of Right-angled Plain Triangles, 


I. Caſe. 
HE Angles and one of the Leggs given, tc 
find the other Leg. C 
Example. 


In the Triangle A B C, 
There 1s given 


BAC, 33* 45”. . 
VU} 93 5G mnt, poem] 
Thy 


= 
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14 Plain LTrigonometry. 
The Operation by the Logarithme. 


As S. ABC, 56* nx” | Log. 9.91984, 
To A B, 90 : 1.95424 
Sois S. BAC, 33" 45! 9.74473 

I1'69897 
To BC required, 69 I.77913 


The General Rule for working Proportions by the Logarithms, 


Add the Logs. of the ſecond and third Numbers together ; From that 
Sum Subſtract the Log. of the firſt, and the remainder is the Log, of the 
fourth Number fought ; as isapparent by the precedent Operation, 

The work may be abreviated in this Caſe,and the ſucceeding, w hen Ra- 
dius isnot one of the Terms in the Proportion, by taking the Complement 
Arithmetical of the Logarith, of the firlt Number ;z and then adding 
the Logarithms of the ſecond and third, and the Complement Arith- 
metical of the firſt into one Sum, from which bating Radius ( or a Unite 
towards the left hand ) the remainder 1s the Log, of the fourth number, 


The Operation by the (ompl, Arith, 


| Co, Ar. 

AsS. ACB. 56* 157. Log, 0.08016 
To AB go 1,95424. 
Sois S, BAC, 33® 45” 0.74473 
To BC required, 60 11,77915 


The Comp. Arith. of a Log, is the Remainder thereof, being ſubſtract- 
ed from Radius 


So the Comp. Arith, of S. 56* 154 10.00009 
9.91954 
is 0,08016, as here appears, 0.08016 


But 


_— a 


# 
r 


Plain Trigonometry, 15 


Bur a readicr way is hinted by Mr, Norwoad, thus : By taking the 
Compl, or relidue of the firſt figure towards the leſt hand unto 9, and 
{o of the reſt, until you come to the laſt fizure towards the right hand 
thereof ſer down the reſidue to 10, thus ; To take the Compl, Arith, 
of 9.91984, Forg I write his reſidue unto 9, which is © : forg,o© x 
for 1,8; for9,0; for$, 1; for 4, the Compl. to xo, which is 6, 7" 
{o I have 0.08016, which 1s the Compl. Arith, of 9.91984, unto 
10,00000, 

How to work this and the tollowing Caſcs by Gunters Scale, ſhall be 
ſhewn 1n the uſe of that Inftrument, 


IT. Caſe. 


The Angles and one of che Legs given, to find the H ypotheruſe, 
Example. 
In the Triangle ABC, o 


There is given, 


/ 
ACB, $56 1g7, L AC required, 


AB, 90, 
The Operation, A mp 


As S. ACB, 56* 15? Log. 0.9193 4 
To AB go, 1,95424 
So 1s Radius, 10, COCOO 
To AC required, 108, 2.03440 


Fn the Operation of the precedent Caſe, there's no necd to take the 
Compl, Arith, becauſe Radius 15 one of the four Terms in the proportion 
nor -f adding the Log?, of the ſecond and third together, according to the 
Gencrol Rule atoregoing ; onely Subſtract the former figures of the firſt 
Log. trom the ſecond Log. And in Subſtrafting the laſt fizure of the firſt 
Log. add 10 to the correſponding h12ure of the ſecond Log, Viz, 

Say, 9 from 11, there remames 2 ; This difference 2.03440, givcs 
the Log. of the Fourch number enquircd, 

ItT, Cafe 


Plain Trigonometry; 


III, Cafe. 


The Angles and Hypothenuſe given, to find either of che Legs, 
Example. 


In the Triangle A B C, 
There 1s given, 


C 
7 _ = T3 AB required. 
A. —__—_— 


The Operation: 


As Radius, 10.00000 
To AC 108, 2.03342 
SoisS, ACB 56* us), 9.91984, 


To AB required, 90. w#l.o5325 


In this Operation, the ſecond and third Log, being added together, 
the firſt being Radius is eaſily Subſtrated,by cutting off the laſt figure to. 
wards the leſthand, as 15 evident in the tormer Example. 


IV. Caſe, 


Che Legs given, to find the Angles. 


Example, 
C In the Triangle ABC. 
4 There is given 


_ " ;4 $5 = $ BAC required, 


_ 
RA _ 


— - -_- 


"7 


47 


_ CI "STR 


Plain Trigonometry, 
The Operation. 


Es 


As AB9go 1.95424 
l To Radius 16,C0000 
Sois BC 60 I.z7815 
Tot. BAC required, 33* 417 9.82391 
| This Operation 15 performed as the Example in the ſecond Caſe be- 
; foregoing, 
| 


| V. Caſe. 

The Hypothenuſe and one of the Legs given, to find the Angles, 
, 

| 


Example. 


| In the Triangle ABC, C 


There is given, 


AC 108, L 
AB, 90, ACB required, 


© 


A "DEE B 
The Operation, 


As AC 108, 2.03342 
To Radius, 10,00000 
S01SAB 90, I,95424 


ToS. ACB required, 5$6* 267 9.92082 


This 1s performed as the precedent Operation in the fourth Caſe. 


wn. at 28 EO I PO” 


V1. Caſe, 
The Lezs given, to find the Hypothennſes 


D 


— —  ——_— —————— I _ __— ——q— 


13 Plain Trigonometry. 


In the Triangle ABC 


There 1s given, 


oy > A C required, 


AZ una 


This Caſe requires-a double Operation, 
1, By che 4** Caſe to find the Angles, 
2. By the a4 Caſe to find the Hypothenuſe, 


The fi ol; Operat 109. 


Ac AB 90 _ — —T1T,95424. 
To Ridiuge————————————— 10,00000 
Sois BC 60 ———————— ,,; 
Tot. BAC, 33% 41/ ———mmnm_—— — 9 

The ſecond Operation, 

ASS. BAC 33* 41 —mn mnt nmm_  ————— 9.498 
To BC 60 ————— — — I, 
So 15 Radius ————— 10.00009 
To AC required, 108 tm 2,03417 


VIT. Cafe. 
The Hypothenuſe and one of the Legs givenzto find the other Leg, 


E x ample, 


In the Triangle ABC 
There 1s givcn, 


AC 108 


AB 90 : BC required, 


C 
F7\ 
This 


- 
of 
Oh 


1 


Plain Trigonometry, 


This Caſe likewiſe requires a double operation, 


T. Bythe 5*" Caſeto find the Angles, 
| 2, By the 1ſt or 2® Caſeto find the Leg required. 
| T he firſt Operation, 
b As A C 108 — — 2.03342 
| To Radius nu SOLO 
So Is AB 90 —_——____— 


ToS, ACB 56% 26/— 


<— © _—, 


The ſecond Operation. 


As Radius — — I ,00000 
To AC 1-28 —— 2,03342 
SoisS. BAC 33* 347 - 9.74265 
To BC required, 59 - - -— X1,77607 


The fixth and ſeventh Caſes beforegoing may be performed without the 
Canon of Sines and Tangents, by the 46 Prop. 1. Exclid, wiz. That in 
Plain Right-angled Triangles,the ſquare of the Hypothenuſe is equal to the 
Sum of the ſquares of the two Legs, 


| Example of the 6" Caſe. 


Jn the Triangle AB C 
There 1s given, 
my 90 d A C r:quired, 


B C 609 A B 


Square the given Lzgs ſeverally, add their Squares rogether, the ſquare 
Root of that Sum 15 the Hypotbensſe required, | 


D 2 AB 


Plain Lrigonometry, 
The Operation. 


AB 9o BC 60 Square AB 81co 

| 90 60 Square BC 36co 

bl O95 | OO 11,700 
i\ "Hos Pe p (198 ACreq, 

Square $100 Square 3600 20) 17 


1; 1,700 
q! 208 )1664 


'F 
36 
't Otherwiſe by the Logaruthms. 


From the doubled Log, of the greater Lez, SubſtraCt the Log. of the 
{ leſs, and to the abſolute number anſwering ro the diflerence of the Log?, 
'þ add the leſs Leg ; half the Sum of theſe Logs. of the ſaid Sum and lels 
| | Leg, is the Log, of the Hypathenuſe required, 

| | The Operation. 

| | The greater Leg, AB 90 Log. ———————1.95424 
6 The ſame again. = — 1.95424 
14 The doubled Log, — —.yo4 


The leſs Leg. BC 60. Log, Subſtr, —— —————— x. 77815 


| The abſolute Number RSF cnemm——— — 1303 
F The Sum. 195 Log, — = 2.29003 
0 Leſs Leg. BC 60 Log. — 
| Sum, _ 4.06818 
The Hypuberuſe AC 108 ; Sum,— ———— 2.03409 
| Example of the 7th, Caſe. 
| In the Triangle ABC C 


| There 1s given, 
$ ; 
} wy 2 > B C required, p-.C 


D 2p OY > OY D tr on 


\ a dino 24 


PR 
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Plain Trigonometry, 21 


From the {quare of the Hypothenuſe, Subſtract the ſquare of the given 
Leg, the ſquare Root of che remainder 1s the Leg required, 


The Operation. 


AC 168 AB 99 Square A C 11664, 
108 90 Square A B 8100 
864 C9 Remainder P30 
'oſoſs) 108 oy *(s9 
108 Square 8100 1064 
$qu,11664 109 ) o8r 
$3 


Otherwiſe by the Logarithmy, 


Halfe the Sum of the Log*, of the Sum, and of the difference of the 
Hypotbenuſe and given Leg, 1s the Log, of the Leg required, 


The Operation. 


The Hypathenuſe A C 108 
The given Leg AB go 
The Sum 198 Log, 2.29666 


The Differ. 18 Log. 1.25527 
Sum 3.55193 


 TheLeg BC 59 required, | Sum 1.77596 


Plain Trigonometry, 


SECT, III. 
Of Oblique-angled Plain Triangles. 


Caſe. 1. 
HE Angles and one of the Sides given, to find one of che other 
| Sides, 
Example. 


In the Triangle A B C 
There 1s given, 


C 
BAC ns? : PF. 
ABC 45 oo 5B am | 

IB 


AC 40 


The Operation of this and the following Caſe, depends upon the 
ſecond Axiome atoregoing. 
| The Operation. 


Co. Ar. 

As S. ABC 45* oof- — -— 0.IFOF2 
To Side AC 40 —.6.6 
So 1s S, BAC 33* 45/- - ——9.74473 
To Side BC required, 31. x1.49731 


After the ſame manner you might find the Side AB if it were re- 
quued. 


Caſe 11. 


Two $ides and an Angle oppoſite to one of them being given, to find 
the other « ppolite Angle. | 


E xample, 


as tf > pone OI 


<4 ES” 


Plain Trigonometry, 


Example. 


In the Triangle ABC, 


| There 1s given h 
1 ABC 45* o& 0 
A B 100 A C B required, being Fat 
| AC 80 Odbtule, A B 


x. Inthis Caſe, if the given Angle be Obtuſe, the Angle required is 
\ is Acute, | 

2. If thegiven Angle be Acute and Oppoſite to the greater of the gi- 
ven ſides, the required Angle is Acute, 

3. Ifthe given Angle be Acute and Oppoſite to the leaſt of the given 
Sides, it's doubrful whether the Angle ſought be Acute or Obcuſe, and 


ought to be determined before the Operation, as in the precedent Exams 
le, 
F The Operation. 

| Co, Ar. 

| As Side AC 80 — — 8.09691 

jg To S, ABC 45* 00 ————— —9,84948 

[ So 1s Yide A B 100 ——-2,00000 

ToS, ACB required, 117* 54/ —#9,94639 

| In this Operation the Table prafduces 62" 06” for the Angle ſought, 

* butbecauſe it is Obtuſle you muſt take its Complement to 180”, vize 
117” 54% 


| Two Sides and their contained Angle given, to find the other Angles, 


Example. 
In the Triangle ABC 


: EO] C 
[ There is given, 
AB 25 | - 
0 AC 20 ACB & ABC required, N 
f / A ——  )}Þ 


BAC 30 33" 45 


The Operation of chis Cafe depends upon the third Axiom. 
| | The 
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Plain Trigonometry, 


The Operation, 
The Side AB 25 1809 oc/ 
The Side AC 20f BAC 33 4s 


The Sum of the Sidcs Sum 146.15 
Their diflerence, 5 : Sum 73.07 of che unknown Angles, 


Co. Ar, 

As the Sum of the Sides AB and AC, 45 Log, —-——8,34679 
To their Diftcrence — — 0,69897 
So is t, ; Sum of the Oppolite Angles 73% 07/7 ——-19,51783 
To t of their half Diftercnce 20 ©O6 —x9.5 6359 


The half Difterence added to che half Sum, gives the greater Angle ; 
and Subſtraced, caves the lcls, , 


The © Sum of the Angles 23" 0z/ 
The : Difterence 20 ©6 


Added, gives ACB 93 13 
Subſtracted, ABC 53 or 


Caſe. 1V. 
Two Sides and their contained Angle given, to find the third Side, 
Example. 
In the Triangle ABC C 
There 1s given, 
EF 
271 require 
BAC 14* 407 ' A. 6 


T his Cafe requires a double Operation, 
x. Bythe 3d Caſe, to find the Angles, 
2, By the xt Caſe, to find the Side required, 
The 


"2M AY 
aendanLour eel RT. 


Plain Trigonometry, 


The firſt Operation. 
| Co, Ar. 
As the Sum of the Sides AB and AC 606 Log, — 7.21753 


To cheir Difference, — -64. - --1, $0618 
$)15 t | Sum Angles $2%407 NNE 10.89044. 
I To t - their Diftcrence = 39 22 —_—_ 9.9 1415 


By which you will tiad the Angle ABC tobe 43” 18/ 
The ſecond Operation, 


5 Co. Ar. 

7 As S, ABC 43% 18 Log.———--—— —0,16379 
To Side AC 271 —— ——— 4296 
So Is S. BAC 14* 4&7 —,44 


— —  —  Q 


To Side BC required 100 ——— — —#2,00020 


Y. Caſe, 


Three Sides given, to find an Angle. 


Example, 
In the Triangle ABC. C 
| There 15 given 
L-. 8- i 
E AC 47 6n A C required. A B 
BC 34 D 


The Reſolution of this Caſe depends uron the 4" Ariome, reducing 
the Oblique-angled Triangle 1uto ewo Right-angled Triangles, by lecting 
fall the Perpendicular C D, upon the greater Side adjacent to the Angle 
ſought, and requires a double Operation, 

The Baſe is that Side upon which the Perpendicular falls, 

x, To find the Segment of the Bale, as AD, 

2, By the 5*" Cale of Rectangulars, to find the Angle 1e quired. 


07s 
AZ 


be E The 


Plain Trigonumetry. 


The fir}# Operation, 
Co. Ar, 
As tire Baſe AB 6.4 Log. 8.19382 
To the Sum of che Sides AC& BC $1 1.90348 
SO is the Diflerence I3 1.11394 


———— 


Fo a Scoment of the Baſe 16 X1,21624 


ſhe Baſs is 64 
{ :12 $ea;nent 16 
Sum, 8S 


Sum 40, 13 AD the greater Segment of the 
Baie, becauic adjacenc co the greater Side A C. 


T he ſecoyd Operation. 


Ta the Triangle A CD, Right-angled at D, 


There is given AD and AC, tofind CAD or CAB. 


As AC 47 Log, 1.67209 


To Radius 10,00000 
Sr AD 40 1.60206 


Toſc. CAD 31®* 4% g:92997 
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Spherical Trigonometry. 
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Concerning the Doctrine of 
* Spherical Triangles, 


— _ - _—— 


SECH L 


Containing the Afﬀfe&tions of Spherical Triangles, and theis 


A xitoms. 


| 8 
Spherical Triang]c is that whuch 1s deſcribed on the ſur- 
tace of the Sphere, 

2. The Sides of a Spherical Triangle are the Arches 
of three great C:rcles ot the Sphere mutually interſect- 
& ing each other. 

EJS) 3. Th: Mcalures of Spherical Triangles are Arches 
of great Curcles, deſcribed from the Angular Point, berwecn che Sides of 
:hc Angles, thoſe (ides being continued to Quadran's, 

4, I hoſearc ſaid tro be Great Circles which bifle&t che Sphere, 

5. Iholſz Circles which cut each other at Right- Angles, thc one of 
$974) ) patlerh through the Poles of che other, and the contrary. 

6, In every Spherical 1 riangle cach Side 1s lcls chan a Sernicircle. 

7. Inevery Spherical Triangle any two Sides are together greater thats 
:he third. 


2 8. The 


2 Spherical Trigonometry, 


S. Tic Sum of che Sides of a Spherical Triangle are leſs chan rwo Se* 
Mmzcircies, 

9. It two Sides of a Spherical Triangle be equal to the Semicircle, the 
ww. Arles ar the Bulc thall be equal to two right; if chey be lcls chan 
a Semic rele, che two Angles ſhail be lcfs than two 11ght : Bur if greater 
£14an 2 *4micicle, the ewo Angles thall be greater than ewo right, 

109, The Sum of the chree Angics of a Sphcrical Triangle are greater 
than two Rizhe Ang'es, and les than 1s, 

11. Two Anzles of any Spherical Triangle, are greater than the difler= 
ence be:wecn therhird Angle and a Semicircle : Therefore, 

12. Any Side being continued, the Exterior Angle is lets than the two 
Interior oppofite ones. 

I 3. In any Spherical Triangle, the Ciffcrence of the ſum of two Angles 
and a whole Circle, is greatcr han the difterence of the third Angle and a 
Semicircle, 

14. In any Spherical Triangle, one Side being produced, if the other 
two Sides be cqual co a Scmicircle, the outward Ang'cthall becqual to 
the inward oppoſite Ang'e won the Side produced : Tt they be lels than 
a Senicircle,the outward A.gic thall be greater chan the inward oppoſt 
Angle ; If they be greater than a Semicircle, the outward Ang!c ſhall be 
Icis than the inward oppolite Angle. 

15. A Spherical Triangle 1s either Right or Obl.que-Angled, 

16. A Right- Angled Spherical Triangle, 1s that which hath one Right 
Angle ar the leaſt. 

17. The Legas of a Right-angied Spherical Triangle are of the ſame 
AﬀeRtion with their oypohite Angles, 

18, Ina Right-angled Spherical Triangle,if either Leg be a Quadrant, 
tle Hyp:heruſe ſhall be alſo a Quadrant z bur 1f both the Leggs ſhall be 
of the {ame aft-ction, the Hypothenuſe ſhall be leſs than a Quadrant ; or if 
different, then greater, and the con:rary, 

19, In a Rizh:-angled Spherical Triangle, 4f eirher the Angles at the 
Hy»: bonne be a Right Angle, the Hypotbensſe ſhall be a Quacrant ; bur 
i: buth tha'l be of the fame Aﬀection, it ſhall be leſs ; it ot difterent,it ſhall 
be Ftea:er, and the contrary. 

20, In a Rizghti-anglcd Spherical! Triangle, either of the Oblique An- 
|:s is grcarcc than the Comp'ement of the other, bur leſs than the difter- 
:ce of the ſame Complement to a Semicircle. 

21, An Od nuc S herical Triangie 1s e.cher Acute or Obcuſe, 

22, An Acuic-angicd Spherical Triangle hath all its Anglcs Acute. 
23. An 


oO 
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23, An Obcuſe angled Spherical Triangle hath all its Angles either 
Obruſe or mixt, 442, Acute or Obcule. 

24. In any Spherical Triangle whoſe Angles are all Acute, each fide is 
leſs than a Quadrant. 

In all Sphcrical Triangles there are 28 Caſes. Sixteen in ReRtangular, 
and twelve in Ovlique-Angular. Whereot all che Rectangular, and ten 
of che Oblique- Angular may be reſolved by thele two Axiomes following, 


Ariome 1, 


In all Spherical Rettanzled T:iangles, having the ſame acute Angle 
at the Bale, the Sines of the Hypathenuſa's are proportional ro the Sines 
of cheir Perpendiculars, 


Ariome, 11, 


In all Spherical Rectangled Triangles, having the ſame Acute Angle 
at the Baſe, the Sines of the Bates, and the Tangents of the Perpendicu. 
lars are proportional, 

That all che Caſes of a Right-angled Spherical Triangle may be reſolved 
by theſe two Ariomes. The ſeveral parts of the Spherical Triangle pro- 
poled, malt ſometime: be continued to Quadrants, that io the Angles 
may be turned into Sides, the Hypothenuſaes into Baſes and Perpendicu- 
lars, and the contrary, By xhich means the Proportions, as to the parts 
of the Triangle given, in ſtead of Sines do fomctimes fall in Co- Sines : 
and ſometimes in Co-tangents in ſtead of Tangents. Such converſions as 
do for the moſt part change their Proportion, are noted with their Come 
plements ( viz.) che Hypothenuſe, and both the acute Angles z bur the 
Sides containing the Right Angle are not fo noted. 

And theſe are ca'l:d the five Circu'ar par's of a Triangl@amongſt the 
which, the right Ang'e 15 not reckoned,and there:ore the two hides which 
do contain it, arc ſuppoled to be joyncd together. 

Each of theſe Circular parts may by tuppohition be made the micdle 
part, and then ch2 two circular parts which are vext to thac micldle part, 
are the Ex:reams Conjumct ; the other two remote from the part aſſumed 
are che Extreams disjun+t. 

As 11 th: Triargle ABC, it Comp, AC be made the middle part, 
Comp, A and Comp, C are the Extreams Conjunct, and the Sides A B 
and B C areche Ex:rcams D:sjuact ; and fo ot the reit, as in the Table 
tollowing, | A Compl. 


To Spherical Trigonometry. 


M 1d. part. E xtr. Cont, E xtr. Dis.. \ 
Leg. A B \Cemp. A. (Comp. AC | 
| Leg. B C (Comp. % | 
Comp. A Comp. A C Comp. C | 
Leg. AB |Leg. BC | 
Comp. AC Comp, A Leg. A © | 
| Comp, C |Leg.BC 
Comp, C |Comp, AC |Comp. A 
| Leg, BC |Leg. AB 
Leg. BC \Comp. C |Comp. A. 
| Leg. AB iComp. AC 


— — - 


The parts of a Right-angled Spherical Triangle being thus diſtinguiſh. 
e4 inco five Circular parts, for the more eaſe in reſolving of all Spherical 
Triangles, obſerve this Catholick and Univerſal Propoticion invented by 
the Lord Nepair. ; 

The Sine of the Middle part and Radius, are reciprocally proportional! 
with the Tangents ot the Extreams Conjunct, and the Co-Sines of the Ex- 
treams Disjunct. 

That 1s, As Radius tothe Tangent of one of the Extreams Conjunct, 
ſo is the Tangent of the other Extream Conjuntt to the Sine of the Middle 
Parr, | 

And alſo, As Radius to the Co-Sine of one of the Extreams Disunct, fo 
ts the Co-Sine cf the other Extream Disjunct, to the Since of che Middle 
Part. 


Tier tore 1f the Middle Part be ſought, the Radius muſt be in the firlt 
1 
Dia 


c; 1! culer of che Extreams, the other Extream mull be 11 the firlt 
C 4 


> 


MN 
L 
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Only note, That if the Middle Part, or cither of the Fxtreams Con- 
junct be noted with 1cs Complement in the Circular parts of the Triangle 
in ſte:.d of the Sine or Tangenr, you muſt uſe the Co-Sine or Co-Tangent. 

It either of the Extreams Disjunct be nored by its Complement in the 
Circular parts of the Triangie 5 in ſtead of the Co-Sine, you mult ule 
the Sine ot ſuch Extream DisjuneEt, 

That the Directions may be the better underſtood, there is in the Table 
following ſet down che Circular parts of a Triangle under their reſpeStive 
Titles, whether they be taxen tor the Middle part, or for the Extreams, 
Whether Conjunct or Disjunct ; and unto thoſe parts there is prefixed the 
Sine and Co-Sine, the Tangent or Co- Tangent, as it ought to be by the 
tormcr Rules. 


Mid. Part, |Extr, Conj. Extr, Disj. | 
Sine A B |Co-Tan, A |Sine AC | 
[Tan, BC (Sine C 
Co-Sine A \Co-TanA C Sine C 
Tas. A B (Co-Si. B C 


Co-Sin, A C'\Co-Tan. A |Co-Sin. AÞB 
| Co-Tan. C |Co-Sin. B C 
Co-Sin. C Co-Tan. ACSize A 
'Tax. B C (Co-Sin, AB 
Sine B C iCo-Tar. C Sine A 
Tan. AB |Sme AC 


Ariome 111, 


In all Spherical Triangles, the Sines of their Sides are in dire3 propor- 
tion, to the Sincs of their oppoſite Angles ; and the contrary, 


Ariome 1», 


Asthe Sine of half the Sum of two Sides, 

To the Sine of half their Diflerence ; 

So is the Co-Tangent of half the Contained Angle, _ 
To the Tangent of half the Difference of the other Ang. cs, 


Again, 


22 Spherical Zriangles, 
Again, 
As the Co-Sine of halt the Sum ot the Sides, 
To the Co-Yne of halt their Diference z 
So is the Co-Tangent of half the contained Angle, 
To the Tangent ot haltthe Sumof che other Angles, 


| 
i 
| 


As the Sine of halfche Sum of two Angles, 

To the Sine of halt their Difference ; 

So is the Tangent of half the interjacent Side, 

To the Tangent of halt the Difterence ot the other Sides, 
Again. 

As the Co-Sine of half the Sum of the Angles, 

Tothe Co-Sine of halt their Difterence ; 

So 15 the Tangent of halt the interjacent Side, 

Tothe Tangent of half the Sum of the other Sides, 


Ariome v1. 


As the Rectangle of the Sines of che containing Sides, 

To the Square of Radius z 

So is the Rectangle of the Sines of halt the Sum of the three Sides, and 
of the Difference of the Baſe therefrom, 

To the Square of the Co-Sine of half the Angle ſought, 


Theſe things being premiſed, the ſeveral Caſes ſhall be ſet down with 
their Analogies. 
Firſt, Of Rrgbt-angled Triangles. 
Then, of O6/1que. 
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SuQC3 KL 


Of Right-Angled Spherical Triangles, 
Caſe I. 


' A Leg, and an Angle oppoſite thereto, being given, to find the other 
Leg : if ir be known, whether the Hypotbenuſe or other Angle be 


greater or leſs than a Quadrant, 
= 


Example. 
..Jo the Triangle ABC, F — I 
There 1s given, + — 
BAC 23? = . a 
BC, 27 43 AB required, D 
The Operation, 
As Radius, - — Log. 10,00c00 
To tc, BAC 23* 30) 10, 26170 
Soist, BC 17 43 —— == 
Tof. AB required, 47% 19/— x9.86612 
Caſe 11. 
A Leg and an adjacent Angle given, to find the other Leg, 
Q Example. 
, \ithe Triangle ABC ng 
There 1s given, 
pf : BAC 23* zof . 4 
: AB 47 19 BC required, A << B 


E 


=. = ——_ 
— 4 - 
-— tuD_A4— — RA 


= 
— — 
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The Operation. 


As tc BAC 23* 307 —— 


To Radius — 10, 00000 
Sois S, AB 479 19/ ————g, $6635 


Tor. B C required, x2* 4 34 innamnrnmg, 59465 


Caſe I1l, 


The Legs given, to find an Angle; 
Example. 


Log.10.36170 


In the Triangle A B C, 


There 1s givea, 
AB 47* 19 
BC 17 5 TBAC required. A 


The Operation, 


— OPER X 
Ef Ht a _- ; *2e 'Y a 
hn no Sl F \ S 7 4 A 4 20 - 


Ast, BC 179437 _——Loz 9.50442 | 
To Radius A ——————— 7.7, , 
Sois f, AB 47" 19/ ——— - . 9.86635 f 
To tc. BAC required 234% 30. —— ——10,36193 © 
Coſe 1V. 
The Hpobennſe and a Leg given, to find the contained Angle. 
Example, 


In the Triangle ABC 
There 1s given, 


AC 49* 4 
BC 37 435 AGB ruined, = 
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The Operation. 
As Radius ——— Log. 10.0 0000 
To tc, AC 49% 487 — — — 9.92689 
Sos t, BC 1n7* 437 —_— — 44 
To k, ACB required, 74* 2 ——————-79,4313! 
Caſe. V. 
A Leg and the adjacent Angle given, to find the Hypethensſe, 
Example. 
* Inthe Triangle ABC C 
J There 1s given, 
. BAC 23% 30/ ,- | 
nf AB 47 19 [ AC required, A Z 
: f The Operation. 
) 4 Ast. AB 47* 1907 ——_m— —— Log. 10,03516 
F | ToRidin—— — — 10,00000 
3 | Sois fc, BAC 23" 30' ——————————————9,96240 
: To & AC required, 499 47/————— —— 9.92724 
þ 
Caſe, VI. 


The othennſe 2nd an Angle given, to find the Leg adjacent to the 
! given Angle, 


Example. : 
Ja the * riangle A B C 


1 _ re | f 
++ : | << 
AC 4s 48 B C required A B 


F 2 The 
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The . Operation. 


As te. AC 495 497 —— ——— ———Loz. 9.92689 
To Radius ————— ——— ————— 10,0000 
Soisſc, ACB 74* 199 — — ——_ 9.43188 
To t©, B C required, 177 44 ——————— 9.50499 
Caſe. VIT. 
*,ze Oblique Angles given, to-find the Hypothennſe, 
Example, ' 
In the Triangle AB C c A 


There 15 given, 


ACB 74 | 
BAC 23 9+ AC required, IS 


The Operation. 


As Radius —— — m— [ 0g. 10.00000 
To tc. ACB 747 19/7 ————— 9.44836 
So is tc, BAC 230 3d/ ———— 10.36 170, 

\ To ſc, AC required, 49* 477! ——=— z9.81006 


C aſe. VIII. 


The Hypathensſe and one of the Angles given, to ad the other 
Angle. 


E xample. 


In the Triangle ABC 
There is given, 


ot " $94 Corgi a 


, OA ©... 4 Ai 


er 
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The Operation. 


As tc. ACB 724* 19/7 —— Log. 9.44836 
To Radius — ———_——— ——— 10.0000 
So is ſc. AC 499 487: — 9.80987 
To f, tc. B AC required, 23* 30/- -— 10,36151 


Caſe. 1 X. 


The Hypothexaſe and an Angle given, to find the Leg oppoſite to the 
given Angle, 


Example. 
In the Triangle ABC, C 
There 1s given p 
BAC 23* 3& | X þ 
AC a At, B C required, Sa 2 
The Operation 
As Radius —-— ——— ————— Log. 10.00000 
To \, BAC 23* 30/ — mmm catcmmee B, COOFO 


So isf, AC 49 48 — — yy 
To ſ. BC required, 17" tf ——-——9,48368 


- Caſe X 
A Leg and an Angle oppoſite thereto being-given, to find the Hypothe= 


wuſe ; if it be known whether it, or the other Leg or unknown Angle 


be greater or le{s than a Quadranc. 


Example, 


In the Triangle ABC Fo 


There 15 g-yen 
BAC 23" 3of | tg Si 
BC »7 43 $AC required, - | A B 


The 
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The Operation, 
As (. BAC 23* zo ts Gras ' Lag. 9.60070 | 
To Radius m— 5 
Sois {. BC 17* 43/7 ———————y.q;;2 Y 
To f. AC required, 49" 45 —C—-=—————9-v8262 5 
Caſe. X1, 

The Hypthenuſe and a Leg given, to find the Angle oppohte tothe 
given Leg, ; 
Example. F 
In the Triangle ABC "Y 4 
There - —_ AN 
AC 49* 4 ; = T | 
BC 17 43 e BAC required. A=S B ; 
The Operation : 

As f. AC 49% 48 — Log, 9. 83298 
To Radius - m—_— 0,00000 

Sois ſ\, BC 17* 437 —9,.48332 1 
Tol, BAC required, 23* 2————9.60034 £ 
Coſe X11, ; 
a and an Angle adjacent thereunco being given, to fig the orbes } 
Angle, | 
Exmsyle, 


In the Triangle ABC 
There is given 


BC 17* 43' — A. 
aces), # © BA C,rriquired, 16A 


Spherical Trigonometry, 
The Operation, 


As Radiuz————Log. 10,00000 


To {. ACB 74* 199 9.98352 
Sois {c, BC 17 43 9.97890 


Toſc. BAC required, 23 30 #9, 96242 


Caſe XIII, 


A Leg and an Angle oppoſiee thereto being given, to find the other 
Angle; if ir be known whether ic, the other Leg, or the Hyporbenuſe 


be greater or leſs than a Quadraat, 

R Example. | 
In the Triangle ABC C 
f, There 1s given 
6b BAC 232 307 L l 
; BC 1» 43 ACB required, A B 
| The Operation» 

| As {c, BC 17* 437 Log. 9.97890 
E To Radius 10,.00000 

[ To 1, ACB requued 74" 197 9.98350 

q Caſe XIT. 

| The Oblique Angles given, to find eicher Leg, 
4 

Example, 
In the Triangle ABC, " C 


There is given 
ACB 74” 19 
BAC 23zoy 5© required, aL Y 


Tho 


- _ —_ . _- 
- - - -— _ . £ 
- 
a a is oo a A ome 
4 SO ales + ron og 


wa # 


——=' 


ng rene "— 


as + 


TEE $50 ae” Cams -< : 


O — wv —_ 
z 


noe * — 


pm - 
C 
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The Operation. 


As {. ACB 47? 197 ' Log. 9.98352 | 
To Radius 10,00000 
So is {c. BAC 23% 3of 0.96242 | 


To ſc. BC requued, 17% 43” 0.97890 
Caſe XV. 


The Legs given, to find the Hypethennſe, 


= mo I IR 


Example. | 
In the Triangle AB C c I 
There is given : : 
AB 47* 19 L &. 4 4 
The Operation. 
As Radius Log, 10.00000 
Toſc. AB 47 197 9.83119. 

SO is {c, BC 17 43 9.97890 

To ic. AC required 4d* 47/ x9 81009 s 


Caſe XVI. 4 


The Hypetbexsnſe and a Leg given, to find the other Leg, 


Example. 


In the Triangle A BC 
There is given & 


AC 49% 48/ "TY 
BC 17 43 FAB required, aL 


Spherical Lrigonometry. 


The Operation. 


Asſc, BC 17* 43/ Log. 9.97890 
To Radius 10.00000 
Sois ſc. AC 4992 48/ 9.80987 


To (c, A B required, 47* 21/ 9.83097 


— ———— 


SECT. IE. 


Df Oblique-angled Spherical Triangles. 
Caſe 1. 


o 4 an Angle oppohte to one of them, being given, to 
[ find thc oppolite Angle z it it be known, whether the Angle 
{ought be greater 01 lels than a right-Angle, 


Example, 
In the Triangle ADE D 
There 15 given 


© c ad 
AE 69'4” ane required, 


« —_ - 'y c being Obtuſe, 


The Operation, 


Co. Ar. 

As DE 230 20 Log, 0.20617 
Toll. DAE 37 oz 9.77996 
Soisl, AE 69 47 9.97238 


of. ADErcquired, 1149 39% xg,95851 


(3 The 


<Cmomp=— 
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Caſe 11. 


Two Angles anda Side oppoſite to one of them being giren, to find 
the other oppoſite Sides if it be known, whether it be greater or leſs than 
a Quadrant. 


Example. 


In che Triangle ADE, 
There is given, 


AED 45 ©9 >beingleschan 
AE 690 47 


ADE 114” > bo Drequired 


2 Quadrant, A | 
The Operation, 


Co, Ar, 
As f, ADE 114% 38/——— —  —- Log. 0,04144 
To {. AE 69 47 — _ 9.97238 


Toſ. AD required, 46% 53*——— x9.86330 


The Reſolution of this and the former Caſe depends upon the third 
Axiome. 
Caſe III, 


Two Sides and their contained Angle being given, to-find the other 
Angle.. 
Example. 
In the Triangle ADE 


There 1s given, 


DAE 3-7" ITN 


AE 69 47 > & Coir, 
AD46 53 JAED AZ 


ARE 207 
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The Operation. 
AE 69* 47 
AD 46 53_ 
Sum, 1 116 40. 7 SUM 58% 20/ 
Differ, 22 54 *! Differ. 27 


"A: oe} 


: DAE 37? 03/, halfthereot is 18S" 31/ 
Co, Ar. 
4 MLM AE ad AD 9 — Log. 0.07001 
: ; > WD « wy n— IL 27 — 9.29779 
So ws ic... DAE —1 31— —— - 12.47506 
| Tor. : XyyYD and E—34 Fl _ -X9.43286 
4 Co. Ar, 
Asſc, * Z i, AEand AD 58' 25) —————Log. 0.27986 
q | To gh a X 's we — ——— I 1 2 — ——0,09127 
-* ' \ $ 2 PRIgnc 
g —_—_— — IS 3tL — -12.47506 
3 To t. : Z y y DandE — 79 Se ona cum» «JO, FOSL9 
J 
ES VF. 28 aid E 70” 497 
d VV 34 Fl 
Sum, 11 ADE ; 
Rn | L required. 
Rem. 44 58 AED 
” ' Having by the fourth Axtiome, tound the halt Sum and half-Di ference 


of the Angles, it to that hal: Sum, you aid rhe half- Difference, the To- 
tal is the gieater Angle; ad 1t from the halt-Sum you Subſtract che 
% 4 hn ; ' » * m . ' 

hait-Dittercnce, the Remainder 1s the leficr Angle fouguc, 


Note. 


It the ſum ot the rwo containins Sides exceed a Semicurcle, then Sub- 
L {tract each Side ſeverally trom i$5) , and procced with thote C: _ E- 
ents as with thc Sides g ven 'n ths Exa! mr le a 'orc-29ing, the Ope ratio 
produces the Comp'ements c the Angles { tought to a Se:mcarcle, 


"be | G2 7 


T pe 


lit 
1-49 
it 
IF 
" 


In the Triangle ADE 


DAE 26" 2y/JAE 
ADE 137 55 
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Caſe IV. 


Two Angles and the interjacent Side being given, to find the othc: 
aides, 


Example, 


There 1s given, 


D 
"0k 
-_ % TL 
e required. "# 
"_ * ei "M \ _— 


The Operation, 
ADE 137” 557 
WAE a6; 22 
Sum, 164 ” * Sum, $82" ©g- 
32 : Ditt, 55 46 
AD 8x 5o half thereof 40? 55/ 


<Q 
AD 81: 5: 0D E 


Difler. 111 


Co. Ar. 
ASLIZYY AandD $2 gf —. Log. 0,00409 
ſd oY Co Vaepe'y 
Tof. * X y Y —— —55 46 =—-—9,91/38 
S01s t. 1 AD ————z40 FF — —-9.93789 


Tor. {X&,AE&DE 25 F2—— ry.$592”7 


SST AGED £62 oofiocmnatco - 8647 
To Ez NH 55 4" A EIS: M -_ 
OS ft : AD $0 FF —— —— ſho 
ES AE ml DE: ar — 
'Zc, AE and DE 74 21 : 
A Co om — ——— 35 52 

SUN ———— -— 110 12 A & 2 
| 
I 


3 
© "EOO"IY 


nn 
ACN, ——— -- 23 29 D 
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This Caſe is wrought by the fitch Axiome ; and the half Sum of the 
Sides added to the halt Difference, gives the greater Side, and the half 
Difference ſubſtracted leaves the lets, 

Nite, 


If the Sum of the given Angles excced a Semicircle, Subſtract cach 
Angle from a Semicircle, and proceed with the Reſidues, the Operation 
will produce cach Sides Compl. to 182 


Caſe. V. 


Two Sides and an Angle oppolite to one of them being given, to find 
1kde; if ic be known, whether the other oppoſite Angle or the 
he greater or leſs than a Quadrant, 


Examp les 


Tn the 14. D 


There 15 giv, 


AD 46% 53/AndA Erequired, 
DE 3s 28 being leſs than a 


AED 45 0 Quadrant, A VF 


The Operation of this Caſe depends upon the third and fifth Axi- 
oms. | 

Firſt, By the third Axiame tind the Angle oppolice to.the other gi- 
ven Side. 

Secondly, Having two Sides and ther oppoſite Angles, you may find 
the third Side by the former part of the filth Ax;ome, 


T he Oprration, 


Co. Ar, 
ASl AD --— 49 © NS Log, OT36E> 
OLAED 45 COmm—_—————9.*z94 
Sos DE 235 25 ——————— 9.7938} 
if. DAE 23 62-=wes —m——— x, SO 


ALD 
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Sum, 82 03 .* Sum, 41* on 
D:itference,o7 57. : Dift, 03 58 
AD 46" 63” 


Dit, o8 25 * Differ, 4 127 


Co. Ar. 
+ ig 5 8/ ——— Log. 1.16004 


ASf.'Xvyy AandE 


Tol.! ZVY.y — 41 OI —— —--9.81709 
' Sort, ? X cr\, A DandDE og 12 $8 86590 
Tor, * AE required, ——— 34 52—— ——49.84303 
34" $2, 

34+ 52 


= 4 —_.- ; 
Douvied,6y 44 At requircd, 


Caſe. VI. 


Two Angles and a Side oppolite to one of them being given,to find the 
third Angle; it it be known, whether che oppolite Side or Angle required 
be greater or leſs than a Quadranc. 


In the Triangle A D E 
There 1s g:ven 


DAE37* 0g87> 
AED 45 co 
ED 38 28 


E x ample. 


ing Obcuſc. 


e AD E required, be- 


The Rcfolation of this Caſe depencis upon the third and fourth 


F rſt : 
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Firft, By the third Axiom find the Side oppoſite to the other Angle. 
Secondly, Having the two Angles and their oppoſite Sides, the third 
Angle may be tound by the tormer part of the fourth Axiome. 


4 The Operation. 
Co. Ar. 

As i, DAE 37* off — Log. 0.22004. 

So is L AED 45 00 ——— 9.84945 
Ge To 1. AD 46 FJ) — wn nmr rn x9.86335 
09 AD 46” 53 
03 F Sum, 35 21 - Sum 42* 407 

\ Dift, os 25 EZ Wh. 

AED 45* oc 

DAE 37 oz 

Difter, oz 57 - Do. 3 $& 

Co. Ar, 

| the AST, : X ct. ADand DE  04* 12\/——Log.t.13527 
ircd Tol, ; Za, — —c—_ 4; jo 9.3106 

SoSt, {X yy AandE—o03g 58——— 8.84100 

Totc, ' A DErcquired, ——— 57 19 — X9.80723 

57 19 
ADE 114 38 required, 
Caſe. VIT. 
Two Sides and an Angle oppoſite to one of them being given, to find 

EF tne contained Angle; if it be known, whether the other oppohte Angle,or 


| the Angle requured, be Acute or Obtule, 


E campls, 


4s Spherical ZTrigonometry, 


Example, 


In the Triangle ADE n 


There 15 given, 


0 Fl 
A _ 45 ©C/DAE required, 
AEIIO 13+ } cing Acute, 


AD 8x 50) A ” 
Tais Caſe is wrought by help of the third and fourth Axioms. 
Firſt, By the third Ax4ome to find the other oppohite Angie, 


Second'y, By the tourth Axiome to find the contained Angle. 


The Operation. 


C- 
As. AD 81 gf h 
To, AED 45 00 oc ——= 
Soisl, AE 110 13 -- — 
Tol.ADE137 55 required, — -— 9.82629 
ADE 1232® g5/ 
AED 45 oo 
Difler.. | 92 45 * Diff, 46* 277 
AE nno® 237 
AD B81 50 
Sum, 192 03 ' Jum 969 on” 
Diller, 28 23 Diſt. x4 11 
Co, Ar, 


AS, 1 Xe, AE and AD 14” 11/ ———Log.0.61979 

6 3 Zak 

Sois t. { X yy DandE 46 27 

To tc. ! DAE, requircd, 13 11 10,63038 
v3 2d 


—— je 
DAE 26 22 rcquized, 


— 9 O01 0.99 76) 


— 0.02 Iv9y 


Deo 


Caſe, VIII. 


Two Angles and a Side gr= to one of them being given, to find 
the interjacent Side 3 if it be known, whether the other oppoſite Side, or 
* Sideſought, be greater or leſs chan a Quadrant, 


E In the Triangle ADE, 7 
There is given, 


AED 45* 0? AErcquired 9 | 
DAE 27 03 pbeingleſschan GT bh. 
| DE 38 28 Ya Quadrant. A/ \ 7 
This Caſe 1s refolved by the third and fifth Axiomy. wy 
Firſt, By the third Axiome to find the other oppoſite Side, 
Stcondly, By the hitch Axzemme to find the inter Jjacent Side, 
ay The Operation. 
Co. Ar. 
As. DAE 37* 037 — » =— 07, 0.2200 
To, DE 3d 28 — — — — 
Soisl, AED 45 oo m—,} 
Tol. AD 46 53 ———— ——— 586338 


AED a45* o& 
DAE 37 03 
Sum, 82 OZ 2? Sum 41* or? 


Difter, 07 57 + Diff, 3* 58/ 


64 AD T46* 53% 
199 DE 38 28 
235 Dier, o8 25 27 Diff, 04 12 


H 


Spherical Trigonometry. 49 


on” 


Spherical Trigonometry. 


Co, Ar, 
AS,2 XyVY Aande og* 58/ —— Log.1.1600y 
Io fi, : ZY V —4L OI — 9.81709 
Sois t. 1 X a, ADandDE o4 127 — 9.85595 
Tot. i AE, required, 34* 527 —— x9.84324 


34 52 
AE 69 44 required. 
Caſe. I X. 
T0 Sides and their contained Angle being given, to find the third 


SIdes 
Example, 


In theTrianzle ADE D 


There is given, "i Was. 
ADE 137* 55/7 \ 

AD 8: 50 > AErcquired. A i. 

DE 38 28 A \& 


The Reſolution of this and the followins Caſe is deduced from the Lord 
Neipers Catbolick Propoſition ( the Oblique Triangle by a luppoled per- 
pendicular being redi1. ed into two ReRangulars ) by the ingenious Mr, 
Colizns 1 hs Secter or: 4 Quadram ; whom 1n this] ſhall imirace, 


The Operation. 


\; Radrus ——— — — — —- Log 20000 
Toic, A DE the contained Angle 137® 5 5# _ A 
So 15 t. D E the Leſſer Side — 28 25 comm -9,90009 
To t. ot a fourth Ard —————30 z31——=—-#9-77<59 


If the contained Angle be leſs than 909®, SubſtraQt the fourth from the 
greater Side 2 but 1f it be greater than 90®, from its Complement to 189" 
thc Kemaiuder is the Reſiaual Arch, 


# 
. 
LS 


\ 


410 


&,/ _ 


In the Triangle ADE 
There 1s given, 


ADE 114? 397 | 
DAE 37 03 >AED required, 
AD 46 53 


Spherical Trigonometry, Sl 


Co, Ar, 
As (c, of the fourth Arch 30* 317 ——— Log, 0.06476 
To (c. of the Rehdual 67 39 — ———9.58008 
So 1s (c. of the lefler Side DE 38» 28/ 9.89374 


To (c, of the Side required, AE x10 I 3 n— x9.53858 


Caſe XI. 


Two Angles and the interjacent Side being given, to find the chird 


Example, 


The Operat 10%. 


As Radius — -- — Lo 1.c9cc- 


To ic, A D the interjacent Side 46* 537 -— 
Sois c. DAE theleſſer Angle 37 03 ==—————9,8:799 


To t, of the fourth Arch 27 17 X9.71263 


—9.83473 


If che interjacent Side be more than a Quadrant, fubſtraR the fourth 
Arch from the greater Angle, if leſs, from the ſaid Angles Complement 
ro 1809, the Remainder 1s the Reſidual Arch, 


Co. Ar, 
As (c. 4. Arch 27" 17 Log. 0.95123 
To ſc. Relidual Arch 38 04 9.89514 
So is ſc. DAE che leſſer Ang. 37 03 9.90206 
Tok. AE D thc Angle required 45 006 ay 84943 


H 2 


J 
»5 


54 Spherical Trigonometry. 


In this and the fore.gping Caſe the AﬀeCtion of the required Side 
or Angle, may be determined by the Reſidual Arch, 

For if the contained Angle, or interjacent Side be leſs than a Quadrant, 
and the Reſidual Arch more, or when the contained Angle or interjacent 
Side is greater than a Quadrant, and the Reſidual Arch leſs ; the Side 


or Angle required is greater than 90%, in all other Caſes leſs, 


Caſe. XL 


Three Sides given, to find an Angle, 


Example 
In the Triangle ADE D 
There is given, 
AE 110" 137 
AD 8x 5o c ADE required, 
DE 38 28 


A 


The Reſolution of this Caſe depends upon the fixth Axiom, and 
for the more ſpeedy Operation, take this brief dire&tion, 

Add'the three Sides together and trom their half Sum,ſubſtrat the Side 
oppoſite to the Angle required, | 

Then to the Complements Arichmetical of the Logarichm-Sines of the 
containing Sides, add the Logarithm-Sines of the half Sum and Re. 
mainder : Half the total of theſe four Logarithms is the Sine-Comple- 
ment of half the Angle required. 


The Operation, 
AD 81 -tar — S. Co. Ar; 0.20616 
DE 38 28 Sides, S. Co. Ar. 0. 00442 
AE 1x0 13 © Sum, nn5* 57 <, 9. 95639 
Sum. 230 3x Rem, of 02 5, 9.94317 
2 Sum, 115 15 Sum, 19, 11014 
Remain. og 02 1c, 68” 570 x Sum, 9, 55507 


Which being doubled, produces ADE 137* 54/ required, 


Caſe 


—_ 


Spherical Trigonometry, 


| Caſe X11. 
i Three Angles given, to find a Side, 
Example. 
Tn the TriangleA DE D 


There 1s given 


ADE 13-* 55/ ; 
AED45 00> DE required, 


DAE2G6 23 A = 


This Caſe 1s likewiſe pertormed by the ſixth Axiome, the Angles be- 
|= ing converted intoSides, and the Sides into Angles, by taking the Compl. 
of the greateſt Angle to a Semicircle, 


Compl. ADE 42” og” T Theadjacent L S, Co, Ar, 0,17378 
S. 


AED 45 00 Angles. Co. Ar. 0,150FL 

d DAE 26 23 + Sum, 56* 44/ S. 9.92227 
: Sum, 113 F$ Rem, 30 2x $, 9.70353 
2 Sum, 56 44 Sum, 19.95009 

———————_—— $m_—_ 

e Rem. 30 21 {c. x9® 15” * SUm, 9.975023 


Which being doubled, gives DE 38 30 required. 


54 ON DSayling, 


HHH FH HHH os 


PRE III ISIET EE IEE EDI 


. al. its. 


CEHHAEF. IV; 


The Doctrine of Plain Triangles 
applyed in PROBLEMS of 
Plain Sayling, 


> 


SECT, 1.- 
The Application of Right-angled Triangles, 


PSF Lthough the Ground and Projection of the Plain Chart 
WN be erroneous, yet ſeeing it is moſt tacile to the Learners 
and may ſerve as an Introduction c to what is more difh.* 

cul:, it ſhall not be here omirred. 


P2obiem T, 


The Courle and diſtance given, to find the Difference of Latitude, 
ind the Deparcure, 


Example. 


A Ship tailing N. E. by N. 372 minutes, 
1 demand her Ditterence, Latitude, and Departure. Fan, n; 


Plain Dayliug, 
In the Triangle ABC, 
A C repreſencs the Diſtance Sailed. 
AB thcDiff. Latitude, 
B C the Departure, 
BAC the Angle of che Courſe from the Meridian, 
A CB the Compl. of the Courle, 


. The Operation. 
For the Diff. Latitude. 

As Radius ———— ——————— Log, 10,0000 
To the Diſtance Sailed, — 372 min, —— 2.57054 
So is [c. of the Courſe, 569 15% cc — 9.91985 
To the Dift. Latitude —— 399 Min. ———— x2.49039 

For the Departure, 

As Radu —————— ——— Log, 10.00000 
To the Diſtance Sailed, 372 Mil, ———— 2.57054 
So 1s {. Courſe, 33" 457 _— ——9.74474 
To the Departure 206 MN, ———— x2,31528 


P2oblem 17, 


The Courſe and Di8. Latitude being given, to find the Diſtance and 
Departure, 
Example. 


A Ship failing N. W. by N. until her Difference of Latitude be 30g! 
I demand her Diſtancaand Departure, 


| Fip, 2. 
\ The Operation. 
For the Diſtance. 
As ic, of the Courſe 56* Ig/————— ——Log. 9.91984 
To the Diff, Latitude 309 Mill, — cm___—___—_ 


So 8 Radius, 


— 


To the Diſt, failed, 37k Mil, nm ———2.5 7012 
OS For 


Plain Dayling. 


For the Departure. 
Co. Ar, 
As (c, Courſe, —56* u5/ —— Log.0,08016 
To the Dift. Lar, 309 min. 2.48996 
So 1s {. Courſe 33* 45/— —y,44 
To the Departure 206 min. 2.31g86 


P2oblem, 111, 


The Courſe and Departure given, to find the Diſtance and Difference 


of Latitude, 
Example, 


A Ship failing S. E. by S. until her Departure be 206 min, I demand 
the Diſtance and Difference of Latirude. Fig. 3+ 


The Operation 


For the Diſtance, 
- As f, Courſe 33* 45/ — Log. 9.74474 
Tothe Departure 206 Mil, ——— 2.313 $> 


$0 is Radius —— m— —— 1.00000 
To the Diſtance 379 iſs wnnm— — 2.56913 
For the Diff, Latitude, 
Co. Ar. 
As i, Courſe 33® 45' —— Log, 0.25526 
To the Departure 206 min, — 2.31387 
So 35 fc, Courle 56* 157 _ n_ 9.91985 
To Dift, Lac, 309 min, — 4 


P2oblem, 1V. 


The Diſtance and Difference of Latitude given, to find the Courſe and 
Departure, _ L 


Example, 


ce 


Plain Sapling. 57 
E x4mple. 


"© A Ship Sails berween the North and the Eaſt, 372 min, until her 
Difference Latitnde be 309 min, I demand the Courſe and Departure, 


The Operation, Fig. 4 


For the Courſe, 
As the Diſtance failed 3-2 min. Log 2.57054 


To Radius --——— wm — -} 0, 0CCCO 
So 1s the Di. Lat, 309 min, —-—— 2.48096 


To the ic, Courle 33” gol ——— 9.91942 


For the Departut: e, 


As Radius —— — 


To the Diftance 372 min, 


&o 15 the Coule 33* $0 enemommmocm commmmnen 


To the Depareurc 


P2obieim, V, 


The D Rance and Departure given, to find the Courſe and Differcnce 
of Latude, 
Example. 


A Ship Sailes between the South and the Weſt, 272 min, until lier 
Deptrure be 226 min, 1 dcnand cbe Courte and Dif. Luticude, 


Figs * 
T be Operation, LT 


For the Courlſc, 
\ I. - 1 F C ay £* a 
As the Diflancc 372 min, Log.2.5 054 
To Radius ——— 
S0 iS the Deyariure 206 min, 2.31387 


To the Court 


Plain Sayling. 


For the Diflerence of Laticude, 


As Radius —— — — Log. 19,00000 
To the Diſtance 372 min,— 2,57054 
So 15 ic. Courle 56* 237 — 9.92052 


To the Diff, Lat, 309 min, —— 42,49106 


1Y:oblem, VT, 


The” Difference, Latitude and Deparcure given, to find the Courſe 


and Diſtance, 


Example. 


A Ship ſazling between the South and the Weſt, until her Dif. Lari- 


rude be 3og mit, and heir Departure 206 min, "I demand the Courſe 
and Diltarce, 


: Fig. 6, 
The Operation. 
For the Courle, 
As the Diff, Lat, 309 min. Log.2.48996 
To Radius m_ -__— 0,000 
So 1s Departure 206 min, 2.31387 
To c. Courſe 33* 417 - 9.82391 
For the Diſtance, 
As. Courſe 33* 417 ———— Log. 0.74398 


To the Departure 206 min, =o —— —— 2.31387 
So is Radius ———. 


® — co a= .- 1 OO O00 


To tae Diſtanzcz 371 min, 2.56989 


ScEt; 


DOIIOVNI WO 


Plain Dayling, 


SECT, II, 


The Dofrine of Oblique Triangles applyed in Problems of + 
Sayling. 
P20blem, 1. 


\W O Ships fail from the ſame Port, the one ſailes E.N. E, 40 
" min, the other E, by S, fo far, until ſhe find the firſt Ship bear 
N. W, by W. I demand the ſecond Ships Diſtance from the Port, and 
rhe D:ſtance between the rwo Ships, 

Fig, 7 
In the Triangle ADE 
A reprclents the Part, 


AD cheE.N.E, Courſe, and AE the E. by $. Coutſe. 
The Oprration. 


To find thc ſecond Ships Diſtance from the Porr, 


Co. Ar. 
As!, AED 22* 3! Log, 0.41716 
To AD 40 min, 1-60206 
Sol, ADE 123" 457 9.91984 
ToAE $6 min. 4X1,939096 


To find the Diſtance between the Ships, 


Co. Ar, 
ASTLAED 22* 3cf Log, 0.41716 
To AD 40 min, 1,6020c6 
Soisf. DAE 33" 45” 0.74474 
To DE 58 min. 1,76396 


LI 


Plain Sayling..- 
ÞP2oblein, I 1. 


Supp»ſe there are two Ports that lye Eaſt and Weſt one from another; 
one Sh p ſails from the Weſtermoſt Port N. E, 41. min. the ocher fails 
trom che Eaſtz:moſt Pore 80 min. and meets with che fi:{t Ship: I de- 
mand the Courſe ſtcer'd by the ſecond Ship, and the D:{tauce becween the 
two Ports, 


Fig. 8, 
Let A repreſent the Weſt:zrmoſÞPorr, 
E the Eaſtermoſt , 
A D the Coutſe and Diſtance of the firſt Ship, 
D the Place where theSlups mcer, 


To find the ſecond Ships Courle, 
The Operation: 
Co, Ar, 
As DE 8 min, Log, 8.09691 
Tol. DAE 452 o0c/ 0.384943 
Sos AD 41 min, 1.61278 


——_——————  ————— —— 


Toſ, AED 21" 14/ XA9.55918 
The Courſe is N. W, 68* 4&, or W.N, \V. a little Weſterly, 


To find the Diſtance between che two Ships, 


Co. Ar, 
As, DAE 45* os) Log. 0.15052 
To ED $0 min, 1,90309 
Sois , ADE 113% 46/ 9.96151 
To AL 103 min. 2.015142 


P2oblem, 111, 


Suppoſe ewo Ships ſet fail from a certain Road, the one fails S. by E. 


2-9 mn, the other S. 5.YY, 25 nin. I demand gheir Bearing and Diſtance 
from cach other, | | 


Fig. 9, 


In 


Plain Dayling, 
In the Triangle ADE 
A repreſents tht Road, 


AD the firit Ships Courſe and Diſtance, 
AZ the ſzcond Ships Courte and Diſtance. 


The Operation, 
To find the Bearing, 


AE 25 1809 oc/ 

AD 20 DAE 33 45 

Sum, 45 Sum 146 15 ADE & AED 
D.ticr, os z Sum 73 07 ADE & AED 

Co. Ar. 

A5Z &, AEandAD 25 - —— Log, $.34679 
To their Difter. - ——-— oF ——— — 0.69897 
Sour. ! Z y y DandE 73" 0z/ —— i; 
Tot. * thur Difference —. 20 06 —— x9.56359 


The Bcaring of the ſhips is E.N,E.* E. or W,S,W, 'W, 


To find thus Diflatce, 


Co. Ar, 
AS. AED 53" 0M -——————— — Lo2, 0,c9756 
ToAD 20 min, — - — 1.3193 
Sos {DAE 339 457 ———— — 9.74474 


Þ20b, 


Plain Sayling. 
P20obtem,-1V. 


A Ship (ayles from a certain Port, S, $. E. 60 min, and then layles 
72 min, more Eaſterly, ut 1s forced back by foul weather B2 min, to 
the Port from whence ſhe fer fail ; I demand what Courſe ſhe ſteered 
trom the iccond place to the third, and how ſhe failed back to the firſt 


Port. 
Let A repreſent the Iſland, 
E the ſccoud Place, 
D the thurd Place, 
The Operation. 
To find the Courle from the ſecond Place to the third. 
AD $82 
AE 68 
Sum, 150 
- Dit, ' 1.4 
| Co. Ar. 
As DE che Baſe 72 min, — — Log, 8.14267 
To Z a.AFEand AD 150 —— 2.609 
So is their Difference 14 — — 1.1461; 
To a Segmeat of che Baſe, 29 min, — -- x1,46489 
DE 72 min. 
Segme:it 29 
Dif, 43 
'© RAE. j2n 7, a it, s. EB 
h AS AE — 68 min. Log, 1.83251 
18 To Radius _ _ — FO 
Sois EB ———— 21" F [if —mnonnnns nn 1.33244 | 


Toſc, AEB, or AED,71* 34/ —_ 


To 


© WV 


oi | LEFT 


UW Ia O1lmw ) 


i 


Plain Sayling, 63 


The Courſe from the ſecond Place to the third, 1s N, FE, 49* 044 
orN.E. + E. fere, 


To fiad the Courſe back to the Pore, 


Co. Ar. 
As AD $2 min, Log. 8.08619 
To, AED zr* 347 997/12 
Sos AE 6$ mn. 1.83251 
Tol. ADE g51* 537 x9. 89552. 


The Courſe to the Port is N, W. 79® 03%, or W, by N. able 
We-ltet ly. 


9 00999000000 297pporpneeee 


The Doctrine of Plain Right- 
angled Triangles, applyed 
in PkoBLEMs of 
MDercats!s Dapling, 


H E true Sca-Chart, commonly called Mercators-Charr, 
(bur 15 mdced the uſeful Invention of our Country- 
man Mr. Edward right, although this Stranger hath 
almolt got the Name and Praiſe thereot ) pertorms che 
like Conclutzons, and almoſt in the fame manner, bur 
with far more exactnels than the Plain Chart, in all 
Places that have any coniiderable Latitude. 


79200, 


= 


64 Mercato:s Dapyling. 
- Pzoblem1 1, 


To find the Meridional Difference of Latitude,-or the Diference of 
Latitude 1n Meridional Parts, 


EEE Es * —_— 


Firſt, Ifone Place be nnd:r the EquinoQual, and the other in North 
or South Latieude, the Meridional parts (in che Tavle of Mzridional |} 
par:s) anſwerinz t9 tae degrves ad minutes of the Place, having Lati. 


tude, is the Meridional Dift, Latitude, 
Example. 


One place in the Latitude 37% 277 Norch, the other under the 
Equinoctial, I demand clic Different Lawulle 1n Meridional parts, 


” BE > ot > of ———24 26 
24 26 1s MeriGional D;#. Latitude. 


A 


Secondly, It two places 'be both in North or both in. South Latirutle, 
Subſtract che Meridional parts of che lels Latitude trom choſe of the great» 2 
er, the remainder is the Meridional Ditt. Lazude, 


Example «+ | 
M. p**, 


One place in the Latitude 37* 207 N', 2417 
The ocker inthe Latitude xy 10 N'. 104 


The Mcridioual Diff, Latitude T: L 
|f Example 2, 
| M. p"*, 


One place in the Latitude 45” 567 S*, 3109 F 
The other in the Latitude 29 1x7 $9. 1838 « | 


The Meridional D #, Larituce TT RE 
W./ Thirdly, If of the rwo pleces the one have North Latitude, the other 


South, add the Meridional parts of each Laticude togetl. er, the Sumis the 
Dif, La:icude 1n Meridional parts. 


o 
"- 


E xample. 


Mercato:s Davling. 


; Example, 
oi | | M. p'', 

: One place in the Latitude 42® 12/ $&, 2804 

& The other in the Latnude 27 19 N®, 1703 | 
Th Mi The Meridional Diff, Latitude 4507 | 
al | 


as P2oblem 17, 


Both Latitudes, and the Difference of Longitude berween any two 
places being given, to tind che Courſe and Diſtance, 


Example. 
Admit the Lizard in the Latitude '50 degrees North, and the Barbe- 


does in the Laticude 1 3 deg. 12 min. North, the Difference of Longitude 
54 deg. 57 min, Welt ; I demand the Courle and Diltance. 


- In the Triangie ABC 

AB repreſents the proper Difference of Latitude, 
B C the Departure, 

AC the Diſtance failed, 

BAC the Courle, 

A C B the Complement of che Courſe, 


| Fig. bd. 


In the Triangle ABC, 

A B repreſents the Meridional Diff. Latitude, 
BC the Difference of Longitude, 

BAC the Angle of the Courſe, 

A CB the Complement of the Courſe, 


This being underſtood, the Proportions are the ſame as in the D>Qrine 
of Phin Right-angled Triangles, 
her | The Difference of Longitude reduced co minutes, makes 3- 96min, 
the 
ple. K To 
4 


66 Mcrcato2s Dayling. 


To- find the Meridional D.fference of Latitude, 


One place in the Latitude 5 0* o0f N”. 
The other in the Latitude 13 12 N'. 


The Mcridional Diff. Latitude, 
The Operation, 


For the Coutte. 
As the Merid, Diff. Lat. 2675 min, — Log. 3.42732 


To Radius —— m— 10,900 
So 15 the Diff, Long, 3297 mill, ————- 3.5182 


To t, Courle = ——— 10,09 80 
The Courſe 15S, W. | W. 


For the D.ſtance, 
Lat, 50? ocf 
Har. 2g 


Proper Diff, Lat, 36 ” $ which is 2208 min, 


As ſc. Courſe 399 oz Log. 9.79934 


To proper Diff, Lat. 2208 min, 3.34400 
S 15 Radius —— — — 10,00000 


To the Diſtance —————3 505 mi, 3.54466 


P2oblem 177, 


, 4 , x 
Both Latitudes and the Courle given, to find the Diſtance and Dit. 
{e1ence of Longitude, 
Example. 


A Ship ſails from the Lizard, in the Latitude go deg, North, until (hc 
ueinthe Latitude 13 deg. 12 min, North, her Courſe $, W, 50 degrees, 
57 min. or $. W, : W. ſomewhat Weltcily ; I demand the Diſtance 
and Difterence of Longitude, 

The 


Percato:2s DSayling, 


The proper Diff. Latitude is 2208 min, 
The Meridional Dift. Lat. 1s 2675 min, 


The Operation. 
For the Diſtance. 


As (c. Courſe 399 0z/ Log. 9.79934 
To the Dift, Lat, ——— MIN, — 3.34400 
$0 is Radius ———<——- —— 10.0000 
Bil To the Diftance —— — 35925 min. — 3.54460 
oo 8 
12 * - 4 
if For the Difference of Longitude, 
vo | 
5 As Radius——— — —— ——————L0z, 1.0009 
' To M:ridional Difference of Latitude 2675 min. 3.42732 
p* So 1s ©, Courle —— 5o* 5; - — 10.,09086 
, To Difference of Longitude — 3297 min, x3.51818 
6 


P2oblem, 1V. 


Both Latitudes and the D:ftance given, to find the Courſe and Difer- 
ence of Longitude. 


4 
i " 


es LI». 


E xample. 


A Ship fails frem the Lat. ©© deg. North 3505 min, until ſhe be in 
$ the Latitude 13 deg. 12 min. North ; I demand the Courſe and Ditfer. 
Dit. XZ eucc of Longitude. 


The Meridional Difference of Latitude is 2675 mir. 
The proper Difference of Laticudeis 2208 min, 


the 
rces, 
ancec 


L 3 The 


Mercatozs Dayling. 


The Operation. 


For the Courſe. ” i | 


” 


As the Diſtance — 3505 min. —— - Log, 3-54469 
To Radius — ———— 10,0000 
So is the Difterence of Lat,2208 min, —— 334402 


To fc, Courſe — 39* 03! — 9.79931 


For the Difference of Longitude, 


As Radius —=——— Og, 10,00000 


To the Merid.D.R.Lat,2675 min, — 342732 
S0 1s t, Courſe — 50? 57 — 10.09086 


To Differ. of Long, 3297 min.—— 3.51818 


P2oblem., V. 


One Latitude, the Courſe and Difference of Longitude being given, 
co find the other Latitude, and the Diſtance. 


E x ample. 
A Ship fails S, W. 50 deg. 57 min, or $. W. | W, ſomewhat more 


Weſterly trom the Latitude go deg. North, until the Difference of Lon- 
gitude be 3297 min, I demand the other Latitude and Dance, 


The Operation. 
For the other Laticude, 


AS t, Colrſe————x5o* 57 — 10.00086 


To Difference of Long, 3297 min, ——— 3.51812 
So 15 Radius _— — — 10,00000 


To the Merid, Diff. Lat, — 2675 min.————42726 
The 


Mcercatozs DSayling, 


' The Meridional parts anſwering to Lat, $o* North, are 3 474 + | 
| From w hich Subltract, 2675 — 6; 


There remains — — 799 


- Againſt which 1n che Table of Meridional parts is Latitude 1 3* 127 
© q whuch 1s che Latitude of the place North, 
'Y - 
1 For the D ſtance. 

The proper D:ference of Latitude is 2208 minutes, 

As ſc, Conrſe——=— 39" oz! — —— Log, 9.79934 

To the Diffzrence of Latitude 2208 min, 23+34490 

$0 15 Radius —— ——— m— — 10,000Cc 

To the Diſtance — 3505 Min. —— 3.54466 

P2oblem, V 1. 
, BU One Lacitude, the Courſe and Diſtance given, to find the other La» 
7 ticrude and Diftcrence of Longicude. 
Example. 
'C | A Ship being in the Lacitude go deg. North, fails $S. W, 5o degrecs, 
L- 57 min, or $.W, { W, and ſomewhat Weſterly 3505 min, I demand 
the other Laticude and Difterence of Longitude. 
The Operation. 
For the Difference of Latitude. 

6 f As Radius ———————— Log. 10,999 
2 | To the Diſtance — —— 3505 mit, —— — 3.54469 
o i So 1s (c, Courſe ——— 39% 03! ——=-——— 9.729934 
6 | To the Difference of Latitude 2208 min, -——- — 3.3445 3 


] hz 


Mercato:s Dayling. 


The other Lat, is 13 deg. 12 min. North. 
The Meridional Dift. Lat. is 


2675. 


For the Difterence' of Longitude. 


As Radius n= — — Log, 10.0000 
To the Meridional Diff. Lat. 2675 min, —— —— 3.42732 
So 1s t. Courſe — 50* 5; — —— 10.09086 


To the Diftercnce of Long, 3297 min, —— — z3.51818 


P2oblem, VII, 

i 

Two Places both in one Parallel or Latitude, and their Difference of | 
Longitude being given, to find the Diſtance between them, 7 
Example, > 


3. hu Wo 
5 a $8 «3 


Suppoſe two places both in the Paralle} or Latitude of go deg, and 
their Difference of Longitude 70 deg, I demand the Diſtance berween 


my 


Mean, : 

The Operation. 2 

[1 

The D:ference of Longitude in minutes is 4209, 

[ 

AS Radius ————— Log. 10.00000 i 

To Diff. Longitude 4200 min. 3.62325 F 

So 15 {c, Latitude 40? 9.80807 1 

. To the Diſtance 2700 min. 3.43132 ; 
P2oblem, V1, 1 


Two Places, both in one Latitude, and their diſtance given, to find 
their Difterence of Longitude, 


Example, 


Mercato:s Savling, 21 


Example. 


Suppoſe two places both in the Latitude 50 degrees, and the Diſtance 
detween 2700 minntes, | 
1 demand the Difference of Longitude, 


The Operation. 


1, 

2 ( As ſc. Latitude 40 deg. Log, 9.80807 
= t To the Diſtance 2790 min, 3.43136 
8 i So is Radius =—_— 19,00000 


% Tothc Diff. Long, 4200 min, 3.62329 


P2obteimn, 1X, 


Two Places fituate both in one Parallcl or Laticude, their Diſtance and 
D:ttcrence of Longitude bcing given, to tind che Parallel of Latitude, 


I] 
— 
> Ko» 1% tanegite ur "if Fo 


of Example, 


a A Ship failing due Welt, 2700 min, 
Alters her Diff. Longitude 4200 min. 
I demand what Latitude the Ship fails in, 


The Operation. 
As Diff, Longitude 4200 min, Log. 3.62325 
» ns woos crow are 


So 1s the Diſtance 2704 min, 3.43136 


To ſc, Laticude 49 deg, 9.32811 


! 
F 
, 
\ 
A . 


- G2eat Circle Sapyling. 


& +4 4 


SRRGRRN SSSR GNGERRSE 
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CHAP. VI. 


The Doctrine of Spherical Tri- 


angles applyed. in Problems. of 
G2eat Circle Dayling, 


wml: hovg! 1 ic be harcly poſſible for a Ship exaQly to trace 
WI out the Arch of a Great Circle, yer it may be of good 


advantage to keep conveniently near it, eſpecially in s 
Y Parallcl ( Eaſt or Welt) Courle, 


P2oblem, 1. 


Two Places differing only 1 Longitude, 


| —_—_— 


—_—— — 
— —_— 


—— —— — —  —— 


_ 
On Or ———_— 
WP - 
—__ 
—_— ——  ————————_—_—— Cy -R 
: =E _ _ 


_— — — —— 


| 
{F 
| 
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4 

v1 

f 

il 
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Example. 

A Ship being inthe Latitude 5c deg. North, is bound to a Port in the 
ſame Parallel whoſe Diftercuce ot Longitude Weſterly-is 4.7 deg, I de- 
mand the Angles of Potition, the Diſtance in the Arch of a Great Circle, 
by what Latitudes and Longizudes the Arch ſhall paſs, likewiſe the Courle 
and Diſtance from place to place, according to Mercator, 


Let A repreſent che fulk Place, 4 
E the ſecond, Fig. 12, 


The Operation, 
To find the Ar;gles Poliction B A Dy and B ED, 
The Oblique-angled Triangle AD'E is reduced i-1to ewo equal 


Righc-angled Triangles A B D and E BD, che Side and Angles being 
equal z theretore uu either of them there 15 given the Hypotbenuſe, and 


the 


—_— 43; L -- 


Seed; wt 4 flor hoe ak 


”» 4797 a” Sg, - 
= 
# iu badd i.Air ade ieD wal t'. 


F = - $6 pA S 


G2eat Circle Sayling, 


the Angle at D, to find the Angle at A or E, 


In the Triangle ABD 
As tc, ADB, 23* 37 


To Radius —— — —-10,00000 
Soisſc, AD 40 Oo — 9.88425 


To tc. BAD 72 35 — 9.52255 


Log. £0.36170 


2, To find the Diſtance A E, 
In the Triangle A BD, 


As Radius ———— w— 0g, 10,00000 
Toſl. D A 409 oof _—_—_ 
Soisſ, ADB 23% 3) ———————— 9.60070 
Tol. AR - | $2 olmmocm_cc —— 


AB 14% 5r being doubled, produces 
AE 29* 42/ or 1782 min. 


3, Tofindche Laticudes by which the Arch ſhall paſs at every five 
degrees of Longitude from A, repreſenting the firſt Pore. 


Firſt, You muſt find the greateſt Latitude by which the Arch 
paſles, 


In che Triangle A BD. 
As tc. AD 40* Oo/ Log. 10,07619 
To Radius ——— — 10,00000 
So ſc. ADB 23 30 9.96240 
To t. BD 37 45 — 9.88621 


The Compl, of BD (to 90") 52" 257 isthe greateſt 


Latitude, 


Secondly, To find the Latitude by which the Arch paſles at every five 
degrees of Longitude from A, you muſt reſolye the ſeveral Right-ans 
gl:d Triangles BDa, BDc, BD P . ; 


Sub» 


G:eat Circle Sayling. 


SubſtraRting five deg. from ADB 23* 30/ 
There remaines a DB 18* 3/ 
Subſtrakting five deg. from 18* 3ct 
Remains BDc, 13* 30 
And ſo for the reſt, as follows 1 the Table. 


In the Triangle a BD 
To find by what Latitude the Point 


( a) pallcs, 


As Radius . _ Log. 10.0c000 


To tc. BD 37% 357 ——— 1C.11371 
Sois ſc. aDB 18 30 — 9.97696 


J To &«, Da 39 03 ——— 10,09067 


=1--0--0--0--0--1--1--- 
UDYUVYDYDUUULM 
mw nm ww 52 4,0 0 


The Complement of Da 50* 577 North is the Laticude of the 
Point ( a. ) 


After the ſame manner are found the Laticudes for the Points c, c, 
&c. inthe ſubſequent Table, 


Long. Lat. Y FPFonrthly, Having the Laticudes and Lon- 
A 00% oof gov oo/ | gitudes, by which the Arch paſles, you may 
OF ©09 | findche Courſe and Diſtance from place to 
IO 00 place by Mercator. 
(of 
00 So to find the Courſe and Diſtance A a, 
00 There 1s given both Latitudes 5o degrees 
00 Notth, and Fo degrees, 57 minutes 
OO North, 
©O 
00 And the Difference of Longitude, five 
OO deg. Welt. 


The Meridional Difference of Latitude is 90 minutes. 


G:eat Circle Sayling, 
For the Courſe, 


As Merid, D:f. Lat. 90 min, Log. 1.95424 


To Radius 10.00000 
So is the Diff, of Long. 300 man, 2.47712 


Tor, Courie 


—— 


73* 189 ———— $.52288 
For the D.ſtance. 


As ſc, Courſe———— 16* 42! — —— Log. 9.45843 


To the Difference of Latitude 57 min,- — 1.75587 
So Is Radius - ————— 10,0000 


— —— 


To the Diſtance —— 198 min. —--— 2,29744 


A fﬀcer the ſame manner you will find the Courſes and Diſtances ac, ce. 
&c, asthey follow in the Table, 


| 
Places, | Courſes. | Dilt, | 
| 

From Atoa N.W. 73" 187| 198 
From a toc N.W. 77 24 192 | 
From c toe N,W. $1 28 | 189 | 
From e tof N.W, 8 14 | 180 
From f to g N.W, $9 25 | 196 


From g toh S,W. 386 56 | 187 
From h to 1 |S, W. 82 47 | 183 
From 1 to k |S, W. 79 oz | 189 

From k tol |5, W. 75 04 | 198 
| From I toE $,W. 72 25 79 


But in regard moſt of the Courſes afore-found are ſo near the Weſt; 
you may ſail W, N. W. 913 min, until you are in the Latitude 55*, 


59 North ; and then W,S, W. 913 nun, farther, you will arrive at 
2 


your 


76 G2eat Circle Sayling, 
your Port, By this means you will alter your Latitude almoſt fix degrees, 
which is conſiderable, in reſpe& of the benefit of Obſervation z beſides 


the Diſtance is but 44 min, more than that of a great Circle, and not a» 
boye 13 min, more than the Parallel or Welt Diſtance. 


P2oblem, 11. 


. Two Places differing both in Latitude and Longitude, 


Example. 


Suppoſethe two oy; to be, one in the Latitude 36* North, the other 
in the Latitude 5o deg. North, the Difference of Longitude berween them 
60 deg, Eaſterly : I demand the Angles of Poſition, che Diſtance in the 
| Arch, the Latitudes and Longitudes, by which the Arch paſſes, and 
] the Courſe and Diſtance from place to place, chrough thoſe Latitudes and 
vi Longitudes, according to the true Charc, 


M's, Let A repreſent the fiſt Place, 
| E the ſecond, Fig. 13, 
The Operation, 


Firſt, To find the Argles of Poſition, 
In the Triangle ADE. 


AD 54* oof ADE 68* cc/ 
DE 40 00 * ADB. 24 oo 


Sum, 94 co + Sum, 47* oc/ 
Dif, ud o0 242 Diff. 0x ©o 


Co. Ar. 
As, 1 Z &, AD and DE 4z* o&/ Log. 0.13587 


To f, 5 X U', — ———— 07 00 —— 9.08589 
So It + ADE————— 34 00 —— 10,17101 


Tor,;zX yy AandE 23 52 —— 29.39277 


Co, Ar, 


Great Circle Sayling. 7 


Co. Ar. 
Asſc, 4Z a", AD and DE 47* © Log 0.16622 
To (c, S X cr*. ——_— — QF - CO comma 9.9967F 
So is tc. 4 ADE 34 00 IO.17IO0T 
Tor, :LZyy Aand E 6y 08 10.33398 


'Zyy 65* off 
+ A py "33 F2 
Sum, 29 oo AED 
Diff, $i 16 DAE 


L The Angles of Poſition, 


Secondly, To hind the Diſtance, 
In the Triangle ADE, 
Co. Ar; 


As f, ADE ——— 792 oc — Log. 0.09895 


To [. AD um__ 4 00 _ — ——-9,99796 
So is f, ADE 68 ©O —  y.,6,.6 
Toſ, AE ——-— 49 50 — x9.88317 


The Diſtance is 49 deg, 59 min. which reduced into minutes, 
maKes 2990 munutes, 


þ.r4y, To find the Latitudes and Longitudes by which the Arch paſtes, 
Firſt, Find the greateſt Latitude by which the Arch paſſes. 
In the Right-angled Triangle A BD. l 


As Radius — — [,0g. 10,00009 


To, AD —— 54 oc) — Log. 9-90796 
So1sf, ADB— 51 16 — 9.09213 


To f. DB —— 39 07 —— xg.80009 


DB is 39* 0! whofe Compl, 50® 53/ js the greateſt 
La:r:ude, 


pe ys 
wee 044! Ys 
P - 


48 Geeat Cizcle Sayling. 


Secondly, To find the Vertical Angles ADB, and BD E, 


In the Right-angled Triangle AB D. 


As tc. BAD 


To Radius 
So is fc. AD —— 54 00 


To tc. ADB — $53 46 — — 9.86499 


51* 16/—— Log. 9.90423 - 
— 9.76922 


From ADE 68 oo 
Subſtract ADB 53 46 


Remains BDE 14 14 
Thirdly, To find the Laticudes by which the Arch paſſes at evety 
five degrees of Longitude from A, you muſt reſolve the ſeveral Right- 
angled Triangles, B Da, BD b, BDc, &c. 


Subſtrating 5 deg. from ADB 53* 40, 


There Remains AD b 48 46, 
Subſtracting 5 deg, from 48 46, 
Remains b D B 43 46. 


So of the reſt in the following Table, 


BD a 48 46 BDb 13 46 | 
BD6b 4; 46 BD: o8 46 

BDc 3846 ; BDk 0o3 46 | 
BD 4 3; 46 BD oi 14 | 
BDe 28 46 B Dm 06 14 

BDf 23 46 B Ds 11 14 | 
BD sg 18 46 | 


Tn the Triargle a D B, To find by what Latitude 
the Arch paſlcs at the Point &, 


very 
ght- 


Af 


Gzeat Circle Sapling.— 55 


Ast. DB 39* 0zt —— Log. 9.91018 
To Radius — — 0 
Sois ſc, «DB 48 46 —————— 9.81897 


— — 9.90879 


To tc. «aD — 50 59 


Whoſe Compl, 39% on? is the Latitude at 4. 


After the ſame manner are found the Laticudes, of the ſeveral Points, 
b, c, dy 6, &c, asinthe (ubſequent Table, 


Fourthly, Having thus the 
Laticudes and Longitudes of 
the Arch, you may find the 
Courſes and Diſtances from 
place ro place , according to 
43 47 I5 Mercator. 

So to find the Courſe and 
Diſtance A a. 


Latatitude, Long. 


36* 00 co? 
39 ©or oF 


48 22 30 Both Latitudes are 36 deg, 
35 and 39 deg, o1 min, 

ow 03 4 The Difterence of Longi- 

or 23 45 tude 5 deg, 

— P | F* The proper Differ, of Lat, 


FO 52 FS i8x min, 

The Merid, Dift. Lat, 228 
FO 20 65 minures, 

Fo ©O "= 


— 


tu gy SAS oc megan Goa Y 
+ 
© 
Do 
Q 


For the Courſe, 
As M:rid, Diff. Lat. 228 min. Log. 2.35 793 


To Radius — — — — —10,00000 
So is Dift. Long, 300 min, — 2.47712 


To t. Courſe 


— 52* 45 —— 10.11919 


For the Diſtance. 


As ic, Courſe $52* 45 


To Diff, Lat, 13x min, 


So 1s Radius 


To the Diſtance 299 min. 


After the ſame manner you may find the Courſes and Diſtances, a; 


$ & cd, &c. as they follow in the Table, 


G2eat Circle Sayling. 


Log.. 9.78197 
2.25 786 
19.00000 


2.475039 


DD —— CE_ 


Places, Courles. 
From A to & | N E 52” 45 
1 From «a tob6| NE 55 16 
From þ to c N E 59 19 
From c to d N E 62 40 
From 4 to e N E 65 56 
From e to f - E 50 22 
From ro E 7 9 
From , to ; NE 4 - 
From þ to i N E 8x oF 
From x to k NE $5 14 
From k to 1 NE 89 O2 
mon /{ © WW] S DB a 56 
From w tn |S E $3 20 
| From » o D | S E 56 


'Di 
| 


ſtances. 
min, 
299 
272 
257 
240 
226 
216 
206 
197 
$93 
192 
178 
187 
189 


15 
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The Docirine of the Sphere : 
Containing ſundry Aſ/ronorrcal Pro- 


b!ems, uſeful in the Arc ot 


$208Vigation, 


Y = melt 
Suck L 
Of Aftroumical Definitions, 


Bp HE Poles of the World are two fixed Po;xts in the Hea- 
vens, Diametrically oppofice ro one another, the 
one viltble in our Hemiphere called the North, or 
Artick, Pole, noted with the Letter Þ, Fig. 14 


| {ſy 4 

The other, not {een of us, being in the Lower Hee 
miſpher2, called the South, or Axtartick Pole, noted 
wit $, 


The Axt# of the World $21 imaginary L:re Grawn fram Pole to Pole, 
about which the D;#rral Motion 15 pertormed trom Eaſt ts Welt ; re- 
preſented by P <= S. | | 

The Meridiars arc Grea: Circles concurring and intcrſccting one ano» 
ther in the Poles of the World; as P ES, and ÞP «c S. 

The Equin3ttial, or Equator, 1$ a Great Circle, 90 dog. diſtant from 
the Poles of tte World, cutting the eArridians ar Rigit-angles, and 
Eividing the World into two parts, called the North and South Hemzs 


ſpheres, s E = Q, 


M The 


$2 Lye Doctrine of th: Sphere, 


Tha Ecliptick is a Great Circle croflins the Equinoflal inthe two op- 
- . . I * . 
poſice Points Aries aud Libra, and making anAngle therewith (called 
1:5 Obliqaity) of 23 deg. 30 min. 
This Circle is Civided into x2 Stones, cach containing 20 deg. whoſe 
. . 4 * T ", b "= 2 oO, 
Names and Characticrs follow, 


eMris 
T a#r 4:5 
Cir: 
Carer 
Les 
Virgo 


Libra : 

—_ 1 | 
88 6rar;is T |! , ' 

ap Wl in Theſe are called S2uthrx S1gnes, 
of s 4 . 


LAGA 4ST: 448 __ | 


Pijces 
The Ecliptich, is repeſented by 3 = 1, 


The Zodiack, is 2 Zone having ©glit degrees of Laticude on either de 
of che Fcliptick in which ſpace the Planets make their Revolutions. 'Tis 
divided and diſtinguithed by the twelve Signs, 

The Colares are two e Meridian, Cividing the Equ;n:t:al and the Eo 
5/4piick into four equal parts, 07. of thc(* patles by the Equirss/ Þ; THEY 
Aries and Livre, and 15 called the Equinecial Colure, as Þ — $, 

The other by :t2 dreginnng of Cancer and Capricorn,catli Soiſtztial 
Colare, P ©, S ws 

Tee Poles of the Ecl:iot - OS PINES 3” 3 

es of :he Worid : ; 

T be I ropic &f a7e (wo 1m urclcs rallct to the Eau:nelt;e,, and 

Ciſtanc chere-trom 23* 3<4, Limiting the Suns greareſt Declination, 


s a A. 7 4 7 A Att - Los #ho MIS > in TJ I 

+ NE /VGr7,ers% 4 TOpRER, PRNES OF THE DEgIONLNg O! Cancer, audi called 
tne Tropeck of Cancer; asS DB a D. 

F: £ _- * Ft «| Aall » oy. elem | vs __ & an . | ' 

I he & 4 Peru / reFict - 1:4 & 7 Cit OC2LININg OI  APTICaTN, ano 32 Cati*® 
= » So a - n FyY - j ; = So 


. 
, — +$nws £11 7% & 
4 of 6 ds a *D * w 7 # . "y = 
: - 


T ac 


Lhe Doctrine of the Syhere, $3 


The Polar Circles are two imall Circlcs parallcl wo the _—_— 
and ciſtan © there-trom 66" 3<f, and from the Poles of the World 


ys. of . 
4 ) 3 1 ! 11 ' . . 
, That which is adjacznt to the Nozth Pole is ca!ll:d the Ar:;ck Circles 
as GuaT, 
\Jthe ocher the 4 :tevrtick { ircle, as KEN 
T !::; F.nith = {NN adiy are eo Pouns diane cat 


—T > | F Oe, tn B a . TBE tos Thy FE 
i 1? £ KID TY 6 iS yi 21cal | "ics *2y Tae P ::t [17 J 4 VIV eg 


_— —_ s# * . _ —_ n £ 
L il'2 Z\ {ir 15 Q1recti y ONDOES TACTETDO 2s 


8 - f. F - w_ ” # — _ - ka % ' | £ Ms ; % 
Tie Azzmr''bs, 0 Peri a Carcies, are LiEa: Clrcics of rhe Sphere, 

: 2 l TJ? C1 » by ' ” 4 { 4 8 , 
COMPUT —_ - [LCELES dn, $6044 Warinz "— £71, 4 C SILOTLEE az 


[ne Horizon is a great Circle 52 dopies diftant from the Zenith and 
Vatlir cur all Azrimaeins at Right Angics, and dividing the World 
neo rw oratal rartsgthe Veer ad vit.oue Hem(pherezard the Lower 3nd 
mvithle - Tos Circle 1s reprefemed by H<R. 

Tie Meridian ct a place. is that Meridian which naſies by the Zenith 

IN MT abt places hy LS N. ; ; 

The 4/m':2:. bars or Parallels oft Altitude, are {mall Circles, Para!- 
pl [7 £51, wn 5m: dt > paſs through every degree and minur: of 
hs WY iny ”, DET, C6) : Zenith and Horizons a5 B a F. 

- Babe py pleas, or ; Declination, arc mall Circles : They are cal- 
is lol PP» Tels of Dec/inet1 192 19 reſpect ot the Sun or Stars z, bur in refpect 
to the tcaruarot of ci = 1 are called Parallels of L, ti:nde. 
TRE Ine 0f 2 "- ace, is the height of ihe Pole above the Horizon, 
S or the diltan:e Mem he Zenith and che Ki aKnettial, 
The I. $:tt#5d.; of 2 Star 15 the Arc! of a Circle con::incd berween the 
of Ceatzr of 2 Star and the Felipiuch Life this Circle making right Ancles 
with the E-liprch y and 15 C. uy rel either Nortlhyarg or Souchward, 
1 accordin the (c.muin of the Star. | 
Lomennie 0 vac Ec: by 1: meafured by an Arch of the Eqmmoredd, 
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$4 The Doctrine of the Sphere. 


Altitude of the San or Stars, is the Arch of an Azimwth contained be. 
tivixc the Center. of the Sun or Star and the Horizon, 


Aſcenſioz 1s the riling of any Star, or any part of the Equnethial above 
the Horizon, and Deſcenſian 15 the ſetting thereot. 


Right Aſcenſion is the number of Degrees aud Minutes of the Equ;. 
woxial ( counted from the beginning of Aries) which cometh to the 
Meridian with the Sun or Stars, or with any portion ot the Ecliptick, 

Oblique Aſcenſion, i5 an Arch of the Equizottial Detween the beginning 
of Aries, and that part of the Equinettial that rifech with the Center ot a 
Star, or with any portion of the Ecliptick, in an Oblque Sphere, 


Oplique Deſcenſion is that part which ſets therewith, 


Aſcenſional Difference is an Arch of Dift:rence between the R:gbt and 
Ovliqae Aſcexſion, 


The Amplitude of the Sun, is the diſtance of the riſing or (citing there- 
of, from che true Eaſt or welt point of che Horizon, 


The Parallax is the Difference between the true and apparent place of 
the Sun or Star; ſo the true place in reſpect of Alticude 1s un the Line 
ACE, or A DG, the Sun or Star being at C or D. F; 

WF 

And the apparent place in the Line B CF, or BDH. 


So the Angles of Parallax are ACB, or ECF; and ADB, or 


GDH, 


In this Scheme, A B repreſents a Quadrant on the Earths ſuperficies, 
A the Center of the Earth. 


B any poznc of the Earths Surface, 


Refrafticn 
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Rifralion of the Stars, O3- 
ſerved 63 Tycno, 
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The Refrattion is cauſed by 
the Atmoſphere, or Vapourous 
thickneſs of the Air near the 
the Earths ſuperfic.cs, whereby 
the S.1n and Stars ſeem alwayes 
to Riſc ſooner and Set hater than 
really they do, 


In the Laticude of 55 degrees 
and thereabouts, it is allowed to 
be as tollows in the Table ; al- 
though it varies by the weather, 

And in more northern parts, 
it hath been obſerved much 
greater, 

The uſe whereof is this, 

Suppoſe the Altitude obſer- 
ved were 10 degrees ; the cor- 
reſpondent refraction is 5 min, 
30 ſeconds, which ſubſtrated 
from 10 deg. the remainder 9g 
deg. 54 min, 30 ſeconds, is the 
true Altitude, 


-— <— - —— -— — 


SECT, II, 
Of Aſtrenemical Proll:ins, 


26h ioeny TI 
KID WES) : + 


T H E Suns Place in the Fc/ipr;ch, and greateft Declination bcing 


given, © find his picſen; Decliuarion, 
E:camyle 1. 

The Sans Place bcing in 26 417 of Tawm, ant his greateſt Decli.. 
nution, or the Angie of the Ecliptickh with the Equiroftial 23% 30! ; 
find the preſent Declination. Frg. 16 

In the Right-angled Spherical Triangle vv B C, There is given yy C 
the Hypothenuſe 56* 41%, the Suns Diſtance from Aries, ard the Ang! 


ByC the greateſt Declination ( by the 9*" Caſe ) to find the Oppoiuc 
Leg BC, the Suns preſent Declinacion, 


Therefore the Proportion and Operation i, 


- 


"9 US COURAGE 75-20 


Tof, ByC 23*® 39 theSu:'s oreateſt Declinat. 9.6407c 
Sois f. YC F6 41 the Suns Diitance from v 0.92202 


Toi, BC 19 28 thepreſent Dzclinat, No, Y9,52272 


Nete, That the Suns Diſtance is alwayes accounted, From the neare(t 
of che Equinoctial Points, Aries or Libra theretore it t1:2 Sun be in the 
Northern S12ncs, Lies, Tauru or Gemmn ; or m the Southern Signes; 
( apricorzus, Aquarius or Piſces, his Diſtance is computed from Aries. 

. bib ' bs 1 : . G x 

I: has place be in the Northern $igncs, Cancer, Leo or Virgs : or1n the 
Southern $i3ncs, Libra, Scorpio or Sagtttarus, tis reckoucd from 
Libra, 

It 


wh 


ge 3 ow 


TD FY- 
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It the Sun be in the Northern Signes, his Declination is Nertherly ; 
if 19 che Southern Signes, Soutberly. 


Example 2. 
The Suns place 22* 124 of Aquariws, his greateſt Declination ( as 
fore} 23" 399; To find his prelenc Declinauon, 
; Fig. 16 
Phe Suns Diſtance from Aries is 37* 489. 


The Operation. 


Ja the Right-angled Triangle, y D F, 


As Radius ——- ns Log. 10,00009 


Toſ. DF 23” 3% the greateſt Declination 9.60070 
Sos t. VF 37 48 the Diftance trom Aries 9.78739 


Toſl,D © 14 0o$the preſent Declination $* x9,3$80g 


You may and the Suns place by the Tables iu Aſtronomia Carolinas 


Y2oblem 1T, 


The Suas place given, to find his Right Aſcenſion, 
Nite, 
The Suns grea: Dec'1n2tion is concluded by Mr. Street in his Cares 
ne Tablcs, to ve 23” 30), theretore *cis alwayes given, 


E xample « 


The Suns p'ace 15 23* 417 of Tanrm 
To 1d Lil I\1£; 6 £2 enhon. Fig. 16 


Tn the Right-ano'ed Triangle 1B C, there 1s given the Hypothe.- 
»aſe, \ C 562 41” Iliecunspizce from Ares. 


[ 
þ 
< A as I ad- ; » » , , . 0 
The Angle By C 23* 3c# the greateit Declinatioa ( by the ſuth 
Caſe) to find the ailjiccat Leg A B che Right Aſceation, 


The 
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The Operation. 


As Radius —— >——— —— _ Log. 10,00C090 


To & v G 56* 417 the Suns Lono, from 4 10,15224, 
Soisſc. BYC 23 39 the greacelt Dechnaton 9.96249 


Tor, AB 54 22 the Right Aſcen, from 10,14464 
Example 2. 


The Suns place 15 22® 127 of Aquarim, 
To ftiad the Right Alcention. Fig. 16 


T be Operation. 


In the Right-angled Triang'e yy D F. 


As Radius — — —— Log, 10.00009 

Tor. v F 37* 487 the Suns Long, from” 9.88968 

Sois ſc, DVF 23 39 the greateſt Declination 9.96240 

Tor, vD 35 25 theR. Aſc, fromthe} x9.85 208 
next Equinoctial Point, 


This Proportion finds the Right Aſcenſion from the neareſt EquinoQi- 
al Point, as you account the Longitude in the Operation, Bur the 
Right Aſcention is to be reckoned trom Arzes, according to the Order or 
Succetlion of the Signes. 

Therefore 1n-this laſt Example, the Complement of 35* 25/, to 36co, 
which is 324” 35%, is the Right Aſcention ſought. 


P2oblem, 117, 


The Suns Declination given, to find his place or Longitude from 
Aries. 
Example 1. 
The Suns Decliuation is 19 Ceg. 39 min, North, en:reafing. 
To find his place, Fig. 16 
In 


from 
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In the Right-angled Triangle vB C. 

There is given, the Leg, BC 19* 327, the Suns preſent Des 
clination. 

The oppofite Angle By C 23* 3099, the greateſt Dec!:- 
nation. 

And the Fprothenuſe 1 C required (by the 15 Cale ) be. 
ing the Suns Diſtance from Artes or L:bra, 


The Operation. 


Asi, BYC 23* 3&/ chegreateſt Declination Log. 9.60070 _ 
To Radius 
Sol, BC 19 30 the preſent Declination 9.32349 
Tl.yvC 56 49 of Tawm, 9.92279 


CE A ny F 1-1 T 
—  — w—_—_— ——_ — — Co Mo[s]* [S72, 


Which $g6* 49/7 reduced into Signes, 15 1* 26* 49/, 
or 26" 497 of Taurus. 


It che Suns Declination be North, and increaſing, this proportion finds 
the Suns Diſtance from Arzes, it decreaſing, from Libre, in che Northern 


If the Suns Declination be South,” and increaſing, from: Libra ; If 
decrealing from Aries, among the Southern S1gnes, 


Example 2, 


The Suns Declination is 14% 104 South, decrcating, 
To find the Longitude from Arzes, 
Fig. I6 
The Operation. 


In the Triangle v DE, 
As (FD F, 23 30/7 the greateſt Declination. 9.60070 


To Radius ————— — —— 10,9009 
Soisf, DF 14 10 the preſent Declination. 9. 3887 r- 


To f. (EF 37 Fi the Diſtance trom v 9.78801 


N The 
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The Compl. of 37* 51/, to 360*® 1s 322" 0g, 
Which reduced 1nto S$ignes, is 10*, 222, 09”, or. 22” ogf of =, 


Y2oblem. 1V. 


The Suns Dcclination given, To find the Right-Aſcenſon, 


Example 1. 


The Suns Declination is 19* 30f North increaſing, 
To find his Riglit Aſcenſion, 
Fic, 16 


In the Right-Angled Triangle BC, - 


There is given, the Leg BC 19* 3c, the Suns preſent 
Decination. | 
And the opyolite Angle, BY C 239 3c#, the greateſt De- 
clination ( by the firſt Caſe ) to find the Leg y B the Righc 
Aſcenſion. 
T he Operation, 
— Log. 10,00000 


As Radius —— 


Totc. BY C 23" 3&/ the greateſt Declination 10, 36170 
Soist, B C 19 3othe preſent Declination 9.5401F 


Toi. yB $54 32 the Right Aſcen.trom y x9.91.85 


The {ame caution which was given for the right accounting the Suns 
Place in the third Problem, crves tor the Right Aſcenſ1on,only as that was 
given 1n Signes, Dczrces and Minntes. This mutt be given 1n Degrees and 
Minutes from Arie. 

Example 2, 


The Suns Dechination is 14” 1c0/ South, decrealing, 
To had the Right Aſcenfion, 
Fro, 16 


The 


16 


The 


The Operation. 


In the Rigit-angled Triangle, + D F, 


As Rattus - ———  Log.13 00000 
Totc, DY F 23* 30f# the Suns greateſt Declinat. 10.36170 


Sos t. DF 14 10 the preſent D-chnation 9.40212 


To ſl, F 35 29g the Riel Afceation xA9.70382 


The Complement of 35% 257, to 3699, is 224® z1f 
The Right Aſcenſion from Aries, 


Y20ble: T1, 


The Laticude of a Place, and the Suus Declination being given, 
To find the Alcenhonal Difference, 


Example. 


In the Latitude 51* 324, the Suns declination being 20" 12*, 
To f11:d the Aſcentional Difterence, 


In the Right-angled Triangle ab c, 

There is given, the Leg *3, bc, 20” 127, the $ Suns Dedlination, 

And the oppo fire Angle ba c," 380 230, the Compl. of the 
Latitade, or the Angle hows cen the Equinoctial and Hort= 
zon ; ( by the firſt Caſe ) To hind the other Leg, ab, the 
Aſcenſ, onal D.fterence. 


Fig. 
The Operation, 
As Radius: mm —— Log. 10.00000 
Totc.b ac, 35% 28/ the Complement of the Lat. 10,09991 
Soist. bc, 29 12 the Suns Declination, 9.56576 


Toſ, ab 27 35 the Aſcenkonal Difference £9,66567 


N 2 P29b, 
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P2:oblem. V 1. 


To fin] tie Oblique Aſcenſion or Delcenfion, 


Firſt, Find the Aſcenfional D:fference by the fitth Problem, and the 
Right Aſcenſion by the fourth Probleas, 


Secondly, Tf the Suns Declination be Northerlv, the Aſcenſional Dif... 
ference Subſtrailed irom tre Right Aſcenſion, leaves the Ozliqne Aſcenſion, 
an4 added to the Right Aſcenſion, gives tie Oblique Deſcerſion. 


Thirdly, Tf the Suns Declination be Southerly, the Aſcentional DiF- 
ference added to the Right Aſcenſion, gives the Oblibue Aſcention ; and 
aud ſubſtracted there- trom, leaves the Opl1qae Deſcerſion, 

Nite, 

If the Right Aſcer fron be l:is than the Aſcentional Difference, 2dd 
3609 tothe Kight Aſcenſion, and rhen Subſtract it chere-fromz Or it the 
fum ot the Reght Aſcenſion and Aſcenſional Difference exceeds 3600, re- 
ze&t 360?, the Remainder 15 the Oblique Aſcenſion or Deſcenſion required, 


P2oblem, VII, 


To find the time of the Suns Riſirg, or Setting, and conſequently 
th: Length of che Day or Night, 


Firſt, Find the Aſcenſional D:Ference, by the fifth Problem, which 
reduced into hours and minutes of time, by allowing for every 15” one 
hour , and for every deg, leſs than fifrcen, 4 min, of time,. and for eve- 
TY 15 Mu. one minute of time, 


Secordly, 17 tie Suns Declination be Northerly, the Aſcerſonal Dif- 
{erence aaded to hx hours, gives the tune of Swns Setting. 
_ And ſubſtracied there-from, leaves the time of Snux Riſing. 

On the contrary, Ii the Suns Declination be Southerly, the Aſcenſio* 
ra! Difference added to fix hours, gives the time of Sun-Riſing, and ſub- 
{iratted rhexc-tromy the time of Swn-Setting, 


Thirdly, 


*8 
4 


l 


g. 
H- 


Example 1, 


In the Latitude 5 1 deg, 32 miu. North, the Suns Declination 20 deg, 


12 min. North, 


And the Aſcenſional Difference, 27* 357, which reduced into time 


makes 1x hour, 59 minutes, 


ho, min, 
Therefore the time of S#un-Setting is 7 FO 
The cime of Sun- Riſing, "—_ 
The Length of the Day, Is 40 
The Length of the Night, «= Ill 


Example 2. 


In the Laticude 5x deg, 32 min. the Declination 20 deg. 12 min. 
South, 

And the Aſcenſional Difference 27 deg. 35 mins which makes ( as 
before x hour, 50 minutes of time, 


ho, min, 
The time of Sun. R;ſing os 
The time of Setteng, SS 
The Length of the Day, os 20 
The Length of the Night. I5 40 


P2Ccblem, VIII, 


The Latitude of a Place, and the Suns Declination being givea! 
To fiad the Suns eAmplitude, 


Example. 


In the Laticude Fx deg. 32 min. the Suns Declination bring 20? 124, 


To find che Amplitude. 
ig 
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Thirdly, If you double the time of Sun- Setting,it gives you the Length 
of the Day; And the time of S#»-Riſe doubled,the Length of the N;gbr. 


_ = 4 
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In the Right-angled Trizngle abc, There is given the Leg 
bc, 20* 12, and The oppoſite Angie bac, 38* 28, 
( By the 19* Cafe) to flad the Hypothenuſe ac, the Ams« 
plitude, : 

Fig. IZ7 


" . 
The Operation. 


As 1. bac, 3$* 28” rhe Compl. of the Lat, 9.79393 


To Radius — m__—__ 0,00c00 

So is {, bc, the Declination 

Tof. ac, 2 the Amplitude, 
If che Suns Declination be Northerly, the Amplitude 15 to the North- 
vard of the Eaſt or Weſt, it the Declination be Southert'y, to th 


Southward., 
P2o0blem, IX. 


The Latitude of the Place and the Suns Deciination being given, 
To find atWhat time the Sun ſhall be duc Eaſt or Welt, 


OS — 


— —— 


: 
| 
' 
, 
| 


Example. 


re VE 


gyrue'® = 


in the Lat, 51* 32/ North, The Sans Declination, 20* 22/ North, 
To find at what time the Sun ſhall be due Eaſt or Welt, 


In the Right-angled Triangle a d c, There is given, the Leg d c, 20* 127, 
and che oppotite Angle daey 51* 327 (by the x Cate) To find the Leg 
a ce, the cune from fix, 


<——7, WT”. 


Fig. 17 
The Operation. 


As Radius a fangs 19,00000 


To tc, dae, F51* 32? the Latitude 9.90009 
Soisr, de 2909 12 the Declination, 0.56576 


To fl. ac, 16 59 the Diſtance from ſix. xo.46535 


Rr 


—_— —_— — —  — —— 


- —— — —— —_ 
EC — =—_ 


which 


1 
Cm rn — —_- 


gy 


Which being reduced into time, makes one hour cight minutes fere, 
which added to fix hours, gives 7 hours, $ min. at which time the Sun 
comes to the Eaſt ; And ſubltratted trom 6 hours, eaves 4 hours, 52 
min. the cine of his being in the #eſt Azinmmb or Prime Vertical, 


2 "+! - ” 
D2ovlem, X. 


The Latitnde ©: the Place aud the Suns Declizatien bhing given, 
To find che Suns A/ritade, being in the Eaſt or Welt LAzs- 
wmuth or Prime Vertical, 


Example, 


The Lat. 51* 32/-Narth, the Declination, 209 12/ North, 
To find chie-Suns Alrit#de, being duc Eaſt or Weſt, 


In the Righ:-angled Triangle ade, There is given, the Leg, de, 
2c9 12/ and The oppoſite Angle dae, 51* 32/ (by the 
10" Caſe) To find the Hypathenuſe ad. 


Fig. 17 

The Operation. 
As f, dae, $F1* 32/ the Latitade 0.99374. 
L — 
To Rating ——— — —— 10,00000 
Sois{, de, 20 12 the Declination 9.53819 


To f{. ad, * 26 #9 the Alt, in the Prime Vort. 9.64445 


Y:oblewm Xt, 


The L x::t#de ofa place and rhe Sus Declination bing given, 
To find tis Aititiwag at fx of the Clock, 
Example. 


In the Lat. 5x* 32 North, the Declination 23® 357 North, 
To had the Suns Alritade at iis, 


in 
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In the Right-angled Triang'e ab c, There is given, the Hypothe- 
mule ac, 23* 3&; andthe Angle bac, 51* 32%, (by the g** 
Caſe ) to find the Oppoſize Leg b c. 


Fi 2 Is 

The Operation, Y 
As Radius —— — m—— Log, 10,00000 
To f. ac 23? 3c* the Declination 9.60070 
Sois{.bac FL 32 theLatitude 0.89374 


To {. bc 18 11 the Altitude at fix, 19.49244 


P2oblem, XIT, 


The Laticude of a place and the Suns Declination being gi. 
ven, to find his Azimath ar Six, 


Example. 


In the Latitude 5x* 32” North, the Declination 23* 3c North, 
To find the Suns Azzmwh at fix of the Clock, 


In the Right-angled Triangle a b c, There is given, the Hypothenuſe 
ac, 23* 3c/, and the Angle bac 5x deg. 32 min, ( by the fixth 
Caſe) To find the adjacent Leg a b, 


The Operation. 


As Radius — 
Tot. ac 23* 309% the Declination 9.63530 
So1s ic, bac 5x 32 the Latitude 0.79383 


Tor, ab 15 08 the Azimuth from the N*.u9.43213 


P2oblem X111, 


 TheLatitude of the place, and the Suns Alcicade and Declination be- 
13g given, To find his Azijmath, 


Example, 


Cle 


1 be- 


ple, 


Examplt I. 


In the Latitude 5x deg. 32 min, North, the Declination 23 deg. 
3o/ North, the Alcitude 49 deg. 40 min. To find the Suns 4z.murb. 


In the Oblique-angled Triangle DP Z, there is given the three Sides 
ZP, 38 deg. 28 min. the Compl, of che Latitude Þ D 66 dee, 
30 min. the Compl. of the Declination, or the Suns Diſtance from the 
Elevated Pole, and DZ 40 deg, 20 min. the Comp], of the Alti. 
tude, ( by the 11 Caſe) co fludthe AngleD Z Þ, the Suns Azimmb 
from the Norch, 

Fig. 18 
T be Operation, 


The FAD 4 209 SIN — — Co, Ar, 0.18894 
Legs } DE 38 28 Sine —- Co, Ar. 0.20617 


The Baſe AE 65 30 1 Gum 72® 391 Sine Log. 9.97978 


Sum 145 18 Rem, ©6 og Cine 9.02639 
* Sum 72 39 mms cn cn Sum 19,40128 


Rem. ©6 09 [:. 59? 2! 


Which doubled 59 52 produces 
The Suns Azimith 119 44 from che North, 


——  : Sum, 9.70064. 


_— — — 


Example 2. 


In the Lat, 5 1 deg. - 32 North, the Suns Declination is 15 deg: ees, 
16 minutes South 5 and his Alticude, 19 dcg. 37 min, To find his 
Azimuth from the North. 

Fig. 19 
The Operation. 


In the Triangle DPZ, 
There is given, PZ 3$ deg. 28 min, 
DZ 70 deg-23 min, D Þ x05 deg.16 win, aud DZ P required, 


ES Q The 
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The F AD 70* 234 Sine — Co. Ar, 0.02597 
Les LDE 38 28 Sine — Co. Ar. 0,20617 


The Baſe AE 1xog5 16 4} Snm 107* 03/ Sine Log, 9.98048 


— — 


Sum, 214 07 Rem. on 47 Sine 8.49304 


' Sum, 107 O3 Sum, 18.70566 
Rem, or 47 |. 26 59. + Sum, 9.35275 
Which doubled 76 59 produces 


The Suns Azimurh 153 '58 from the North. 


Example 3. 
In che Latitude 5x degrees 32 minutes South, the Suns Declination is 


23 degrees 39 minutes South, and his Alticude 49 degrees 40 minutes ; 
To find his Azimuth trom che South, 


In the Triangle D Þ Z, D:muſt repreſent the South Pole 3 Then there 
isgiven PZ 38 degrees 28 minutes, the Complement of che Latitude ; 
DZ 4- degrees 20 minutes, the Complement of the Altitude; Þ D 
66 degrees 30 minutes, the Complement of the Declination, or the Suns 
Diſtance from the Elevated ( or South ) Pole 3 To find PDZ, the 
Suns Azimuth trom the South, 


Fig. 18 


The Operation is the ſame wich the firſt Example, onely, as the Azi- 
wth there was accounted from the North, this finds it from the South 
part of the Horizon, which is 119 degrees 44 minutes. 


Example 4. 


In the Latitude $5 1x degrees 32 minutes South, the Suns Declinatfon is 
15 degrees 16 minutcs Norch, and his Altitude x9 degrees 37 minutes ; 
To find his Azimuth trom the South. 


In the Triangle DP Z, P repreſents the South Pole, Fig. 19 
as in the tormer Exgmple. : | a 
Then 


Mal A!+Þ. &© 


Then there is given ÞP Z 3 8 degrees 28 minutes, DZ 70 degrees 23 
minutes, PD 10g degtees 16 minutes; and DZ PÞ required, 


Fig. 19 
The Operation is the ſame with che ſecond Example, only the Azi- 


mth found is to be accounted from the South, which will be found 
153 degrees 58 minutes 


he 


P20oblem, XIV. 


The Latitude of che Place, che Sans Declination and Alticude bein» 
givenz To find the Hour of the Day. Z 


Example $, 


In the Laticude 5 1 degrees 32 minutes North, the Suns Declination 
is 23 deg. 39 min. North, and his Altitude 49 deg, 40 min. To find 
the hour from Noon. 


In the Triangle D P Z, There is given Þ Z 3$ degrees 28 minutes, 
DZ 40 degrees 20 minutes, DÞP 66 degrees 3 minutes; and DP Z, 
thehour from Non requured. 


F;o. 
The Oper at 101. if. 26 


The FDP 662 3cf Sine Co. Ar, 0,03-60 
Legs, PZ 38 28 Sne Co, Ar, 0.20617 


The Baſe DZ qo 20 . Sum 72% 35/ Sine Log.9.97978 


Sum, I45 .15 Rem. 32 13 Sine 0.7268} 
Y Sum, 742 39 Sum, 19.9 5038 


Rem, 32 I3 SC, I9 I1 % yum, 9.97519 

The Double of t9 degres 1x minutes is, 33 degrees 22 minutes, 
which being reduced inco time, gives .2 hours 3} 3 ininutes from noon ; 
So that the hour ot the day is either T hour 53 minutes P, 34 or Afccr- 
noon, or 9 hours 27 nainutes A. HM. or b:torc N 50n. 


O 2 Ex wmp'e 
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Example 2. 


Sg > ” 
* * 
) 
* 

: 


In the Latitude 5+ deg, 32 minutes North, the Suns Declination 
15 dcgrees 16 minutes South, and his Alcicude 19 degrees 37 minutes ; 
To find the hour P. Ad. or Atcernoon. 


= CD <_—_— we ——_— ——— — — —_ — 


Tn the Triangle D PZ, Thereis given, the three Sides, P-Z 38 deg, 
28 min. DZ 7odeg-23 min. P D 10g deg. 16 min. and DPZ 
required. 


rc yn. — Rr eee eB ea - 
— ——— — - 


Fig. 9. 
The Operation, 


The F PD 105* 1& Sine Co. Ar. 0.01569 
Legs) PZ 8 2, Sine © Co, Ar. 0.20617 


The Baſe DZ 23 + Sum, 107* 03! Log. 9.98048 


= =_—_ 


Sum, Rem. 36 40 9.77609 


; Sum —_=J—_ 19.97834 
Rem, 35 Sc. 12* 447 9.98917 


Which doubled, produces 25 deg. 28” min, and that reduc:d ihto- 
time, makes x hour 42 minutes, fere. 


P2oblem, XV, 


The Latitude of a place, the Suns Declination, and the hour of the 
day given, to find the. Suns Alcitude., 


Example. 


In the Lat, 5x* 329 North, the Suns Declination is 23% 307 North 
the hour, 1"*. 53 min. s 


To find the Suns Altitude. 


x Hour 53 minutes reduced, makes 38 degrees 25 minuers, 


In 


In the Triangle D:P Z;, There is given, the two Sides ÞP Z z6 
287, DP 66* zo, and the contained Angle DP Z 28* x5/, 
and che third Side D Z required, | 

Fig. 18 
The Operation. 


As Radius —— —— Log.10.00000 
Toſc, DPZ 28% 15” the contained Angle 9.94492 
Soist. PZ 38 28% thelefler Side 4 9.90009 
To- e, 34 $9 a fourth Arch. xg 84501 
From the other fid& PD. 66* 30/ ; 


Sub(trac the toureiy Auch, * 34 59 
The Rem, is the Reſidual Arch, 3x 31 


Co, Ar, 
As (c. 34* 59” che fourth Arch o,o8655 
To ic. 31 gx the Reſidual Arch, 9.93069 
So ſc. PZ 38 28 the Leſſer Side 0.89374 
Tok. DZ 35 27 the Side ſought x9.9 1098 


Whoſe Compl. 54 33 is the Alticude required. 


Paoblem, XV1, 


The Latitude of a Place, the Suns: Peclaazon, and the Hour given, 
To find the Suns Azimuth. 
Bxawgle!: " 
In the Latitude 51 deg, 32 min. North, the Suns D: :chination 1s- 


15-deg. 16 min, South, and the Hour 10 18/ j in the morning ; To fi2d 
the Suns Azimmnh. Hh 


The time from noon is x hour 42 min, 
Which reduced, 1s 25 deg. 30 min, 
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Inthe Triangle DPZ; There is given, the two Sides PZ 38. 
dezrees 28 minutes, PD, log deg. 16 min, and the contained Angle 
DP Z 25 degrees 39 minutes, To find one of the oppoſite Angles, viz. 
PDZ, 

| Fig. 19 

The Operation. 


P D, x05* 16 
P Z, 38 28 


Sum, 143 44 1 Sum, 71” of 


DPZ 250 3 
Diff, 66 48 .,Dift.. 33 24 


"IE © on 


of © » . 
* % d 4 


| Co. Ar. 
As, :Z tt. DP nd PZ, 71* 527 0.02212 
SL A&D, *% UW 9.74074 
Soistc, i: DPZ 12 45 10,64536 


Tot. :X yy PDZandPZD 68 39 10.40822 


Co, Ar, 

- 2Z a. DP and PZ 21* 52/ 0.50692 

4 Yr" 33 24 9,92152 
Sois tc: DP'Z I2 45 10,64536 
Tor. 'Z yy PDZ and PZD 8 10 11.07380 


'ZYy b65* rf 
3X yy 68 39 
Sum, .153. 49 DZP required, 


Which is the Suns CAzimnth from the North, 


P2oblem, XVII. 


The Latitude of a Place, the Suns Alticude and 24imwtb given z © 
find the hour, | 


Example, 


The Doctrine of the Sphere, ro3 


$8. E xample.. 
le | 
Zn Tn the Latitude 51 deg. 32 min. the Suns Altitude is 49 degrees 


40 min, His Azimwmh 119 deg. 44 min. trom the North; To find 
[9 the hour P. M. 


In the Triangle DP Z, There is given, the two Sides DZ 4o deg. 
20 min. P Z 38 deg. 28 min. and the contained Angle D ZP 
119 deg- 44 min, aud che oppolite Angle DP Z required. 


: Fig. 18 
p The Operation. 
7 DZ 4c* 20t 
\r. PZ TIP > cn 
12 Sum, 78 48 3 Sum, 39* 24 
174 cm : DZP 119* 44/1 59* 527 
36 Diff, or $52 i Dift. oo 56 
22 Co. Ar, 
As {. *Z cf, DZ and PZ 299 24/ 0.19741 
Ar, To £ 2X a". OO F6 8.21189 
592 Soistce, 3D ZP F9 52 0.76377 
152 To t, *X yy PDZ and DPZ. oo 5x x8.17387 
536 | 
80 | Co. Ar. 
As (c. ff 4 en DZ and PZ 39® 24% O:ILI97 
 ” $3 A _- " —- 9.99994 
So is tc, DZP 59 52 9476377 
To t, *Z yy PDZandDPZ 36 54 x#9.87568 


'zZVy 30 54/ 
3 yy OO FL 


Sum, 37 45 DPZ required, 
Note, DP Z is the greater Angle. becauſe oppoſite to the greater Side 


D Z, 37 degrees 45 minutes Reduced , makes the time 2 hours, 
z tc 31 tninutes P, M, ce! bus, 1” 


P2o0b, 


” 2 OE TS << —-_ 
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P2oblem, XVul, 


The Leitude and Longitude of a fixed Star being given, To find the 
Right. Aſcenſion and Decl;» 41 tou, 


Exampl:. 


The Longitude of Caſtor is x5 deg. 33 min. of Cancer, and his 
[Latitude 10 deg. 922 nun, North; to find his Right Aſcenſion and 
Declination. 


In the Oblique Triangle D I P, There is 2iven, the ewo Sides, I P 
23 dez. 30 min, the Diſtance between che Pole of the Equinotiial, and 
the Pole of the Ecl/iptick, ID 79 deg. 58 min, the Complement of 
the Latitude ; and che contained Angle DIP 15 deg. 33. min, the 
Longitude from Concer 3 To find one of the oppoſite Angles, D PI, the 
Complement co 180 deg, of the Right-Aſcenſion from Cancer ; and 


the third Side D ÞP, the Complemeut of Declipation, 
| Fig, 20 


The Operation. 
For the Right Aſcenſion, 


I D 79” 5#/ 
TP as 30 
Sum, 1c3 28 Sum, 51* 44 


Corr 15* 33%, z3DIP 7040. | 
Diff, 56 28 iRem. a8 14 


Co. Ar, 
As f.3Z cf. ID and IP, g1* 447 0,10505 
$0-L, 2X a 28 14 9.67492 
fois tc 4 DIP o7 46 10,86528 


Tor, *'Xyy DPI,and IDP 77 14 10,64518 


Ar 


= 
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Co, Ar. 
KC 24 05 ID and IP 5F1* 44/ 0.20808 
TS ic. 14A 0s 29 I4 0.94499 
v0 15 <p DD I P C7 46 10,0052L 


To t.:''Z vy DPI and IDP $4 31 11.01S2S 


WW. 4 
- -» 
R \ # "4 "tf Ii 


Sum, 161 45 DPI, Whoſe 


C 1nvl. tO. 1020 15 139 15”, the Right Alſcer 194 trom Carcer , the 
Right Aſcer./tan of Cancer 18 949, and therefore th? Re ght Aſcenſion trom 
Argzes 15 129? 15 

For tac Dec/ination, 


as \, DPI, 161" 459 theCowpl, of che Right Afcen, 0.50423 
Tot. DI © T9 the Compyl. of Lacie, 9,99231 
Soisſ, DIP is 33 mr Lonz2:cude trom Cancer 0, 42826 


To \, DP 57 28 the Comyl, ot Declization, x9.925 989 


VV |1 ic Co TIA 32 32 15 ;hc Decimar "N Nor:nerly, 


Þ29vlem, XLS, 


The Right Aſcenticn and Declination of a fixed Star veing 2iveng To 

the Longuuilc and Latitude therco!, 
E.x.ampie, 

The Right Aſcention of Caſtor is 129" 157, and lys Dcclinacon 22 
32/ North ; To hind his Longicuce and Latirude., 

In che Triangle I'D P, there is given; the two Sides IP, 22 ce, 
30 min. PD 57 deg. 28 min, and the contained Angle DP] 161 
deg. 45 min, To and the oppotice Angie DIP; and the third Side DI, 

F ip. 2. 


O : 
L* The 


—_— -  — 
_—_y - 


— 
. ”- 


— A 
” wm pro —o, <-> > wy. ww ode dr or 
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The Operation. 
Te find the Longitude, 
FR 7 
; L's 23 30 
1 Sum, 80 F$ * Sum, 40* 297 
| —_ — DPI n61 457 
Di#, 33 58 :Diff, 16 59 the 1 DPI80* 52 
Co. Ar. 
AsL, 1Z a. PD andIP, 40* 297 0.18760 
20% 5A it*. 16 F9 9.46552 
waic i. DPI 80 52 0,20621 
j Tor. :Xyy DIPandIPD og G8 a885933 
Is! Co. Ar. 
i As fe. 'Z a*. PDand IP”. "409 297 0.11874 
W ©; - To «ic, ' X cr*. 16 59 9.98062 
Wy j; Yo 1$S QC, DPI 8© F2 0.20621 
; To rt, *Z yy DIPandIDP 11 2F #930558 
} 
| FELT ©. vo 
' 'Xyy ©4 ©$ 
| Sum, is 33 DIP the Longitude from 
; Cancer, 
t To find the Latitude, 
| Co, Ar, 
As 1, DIP 15® 337 the Longitude from {arcer O-F7174 
To fi, DP $57 28 theConpl, of the Declination, 9.92587 


Soisf, DPI 161 45 the Compl, of Right Aſcenſion, 0.49577 
To f, DI 79 58 che Compl. of the Laticude, 9.99338 


Þ20b, 


Om 
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1D:0VÞ!lem, XX, 


The D.ſtance of a P!azet,Comr: or New Star, from two known fixe ? 
Stars being given ; To tad che unxnown Stars Longitude and Lai. us! 


Example, 


The unknown Stars Diſtance from the Swans Beek, is 49 dee, 05 min. 
and from Perſews's Side 35S Geg, 57 min, To find the Longitude and 
La: itude. 

Dh Swans Beak vp 26” nl C 49” 27 IM 
The Long, Lat, d 
? of Perſeus's Side 5 27 12 C C 309* og N% 


t, Inthe Triavgie ADI there is given, the two Sides AI 40 deg, 
5$ min.the Complenent of the Latitude of the Swans Beck ; D I 59 deg. 
55 min. the Complement of the Latitude of Perſers's Side ;, the contained 
Angle AID 120 deg, 23 min. the Difference of Long'cude berween 
the two Stars and the Oppoſite Argle D AE, and the Side AD required, 


Fig. 21 

The Operation. 
Co. Ar, 
at La AI $29 267 0.11301 
To [. 'X cr" co 28 o.S26ia 
So isec. {D Al GO 11 0.75822 


lot 'X VV DAI and ADI oz or X9Y.0S733 


Co. Ar. 
ac, 22 «a, AL nd WS: $9 af 0,19588 
SE 54a a5 29 28 90-99404 
So is tc. * DAI 60 11 0.75322 
Tot. 'ZLyy DALlandADI git 35 19.9481.4 


The Angie CAIis 49* 367. 


P32 
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Co. Ar, 
As, DAI ———— 4 30 ———— 0,12487 
To {. DI — 9 FF ——- 9.93716 


2. In the Triangle AD B there is given, the three Sides AD 8.4 
>-t the D ſtance between the two xnown Stars, A B 49 deg. os the 
unknown Srars Diitance (rom the Swans Beak , B D $8 dcg, F7 Mitt, 
the D.Rance ſrom Perſems's Side; and the Argle AB D required, 


Fig, 
The Oprration. 
AD! 84 2 Sie Co. Ar, 0.0021 2 
AB '49 of one Co, Ar, 0.12167 
BD 88 F7 + Sum 1119 11” Sin: 0,96961 
Sm, 222 22 Ren 22 14 Sine 0.57793 


Sum, 


Which being doubled, makes 
ing added tothe Angle DAI, 


3. Inthe Trang ABI, there 1s given the two Sides A I 40 Ceg. 

53 min. AB 49 deg. o5 min, the contained Angle BAL 142 deg. 

o8 min. and the oppofice Angle A1B, the Diſtcrence of L- naiude bc- 

erwecn the knows Star and the Swans Beak, and the tide BI, the 
Complement of the uwknovn Stars Latitude required, 

Fo. 20 

The Operation. by 


Co, Ar. 
x. :Zat, Aland AB g5* 01/7 0.15029 
Toll +; X &t', ———— O04 C3———--- 8 $489 7 
yo 15 tC, BAI Jl O04 — 0. *F353 +F3533 


z0t,'X V VY ABIand AIB OLI E7 w—_ 338.5 3479 


As 


Eee i ere 


- = 4 77m FW oo Eby Y 
_ = - - = © om —_—_—_ ——_— — - 


= _ - > — + > 4 —— ——— ee Gem 
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Co. Ar. 
Asſc.'Z a. AI and AB 45? ou! 0.15064. 
— A a . — O04 03 9,099891 
Soistc. 1 BAI — 71 O04 9.53533 


To t. . L vv ABI and AIB 25 49 X9.604S8 


The Anzic AIB is 27 deg, 46 min, which added tothe Langitads 

Wf the Swars Peak 1p 26 Greg. 39 minutes, makes the unknown Stars 
Longirude to be =; 24 degrees 25 minutes, 

Co. Ar. 

As f, ATB —— — 27? 467 ——- — — 0.33173 

Tol AB 49 Of ——-—————9 $7833 

So1s f, BAI 


-142 0 — — OZFE8C04, 


-q* 4 eo þ : 
Tol, BI ——-— 534 39 ——— #9.99819 


Whoſe Complement 05 degrees, 21 minutes, is the unknown Stars 
La:itude —parrog ; 


1520bicim, XXl, 


The Aeridian Altitude of an unknown S a» or Plare!, and the Di- 
jtance trom a known fixed Star being given; t© find the unknown Stars 
Latizude and Lon:cicude, 

Example. 


In the TL a:itudz 5 1 degree, 22 minutes N Arridian e A t1- 

inde of an unknown Star 1s J© 'cgrcts, 2C minn.ce, and his diflance from 

Star in Cephene' \qirdle 18 $4 dcgrees, 32 minu'ts; To find his 
"ara and Latutzde. 


J 


The Aeridian Aiiitade of thi Star be: oven, his Declinaticn 15 allo 
gwen, 

For the Meridian Altitude ſubſtrate? from the Complement of the 
Latituae 38 degrees 22 miuntcs, Thi; 1 
in Declination South, 
 Firft, Therefore in the Triangle AO P, there is given, the three 
219e3, OP, 20 d:grces 52 muvates, the kyzwn Stars Diſkance from 
(h 


£144:nS, 7 degrees F2 MUnuecs, 


CR ES 
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the North Pole, AP 97 degrees, 52 min. the wnkrown Stars Diſtance 
theretrom, A O 84 deg. 32 min. the Diſtance hetween the two Stars ; 


and the Angle APO required, being the D:f/:rence 0! Longitude bee 
tween the 1wo Stays. 


Fig. 23 


The Operation. 


OP 200 2) Sine ——— —— Co, Ar. 044831 
AP 5 SU11G nem mmm Co. Ar. 0,00409 


i'm lor 36 Sine — - 0.99104. 
l. Rem. 17 ©6 y$1ne = — 9.46841 


Sum, 19.91185 


bs. 25* jay , dum 9.95592 


Which doubled, is;50 degrees 45 minutes, the Angle A P O, 


The Right Aſcenſion of Cephews's Girdle 1s, 321 degrees, 92 minutes, 
to which adding 5o degrees 46 minutes, produceth che Reghe Aſcenſion 
of the #nuknown Star, 11 degrees 48S minutes, 


Secondly, Then having the unknown Srars Right Aſcenſion , and De- 
£11;43104, you may hind his Longitude and Latitude by Problem 19, 


D:oblem, XXII. 


Having the Lairade of the place, the Suns Right Aſcenſion, and the 
Aliutade 0 a known fixed Star ; to tind the bogy ot the Nigbr. 


Example, 


In the Latirude 5x dig, 32 min, the Suns Right Aſcenſion being 
228 degrees, 45 minures, ana the Altitude of Aldebran 38 deg. 58 min, 
To tiad the 5opy of the Night, 


The Regt Aſcenſion of Aldebran is 64 degrecs, 10 minutes, and his 
Diciiration 15 degrees, 46 minatcs, 


In 
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In the Triangle A Þ Z, there is given the three Sides PZ 38 deg. 28 
min. the Comp!ement of the: Latitwde;AZ Fi deg. 02min. the Com- 
| plement of the Stars eAlritude;, AP 74 deg. 14 min, the Compl. of his 
; Declination; to find the Angle AP Z the Difference of his Right Aſcenſion | 
herween the Medium Cel and Aldebran, | 


Fig, 23 


The Operation. 


AP Sine 74 14/ ——— Co. Ar. 0.01665 
PZ Sine 38 268 — Cy, A:. 0.20617 
: Sum Sine 81 F2. — m—uYy.yyqc 
Rem, Sint JO 5$FO m———— —— 9,709 73 

Sum, 19.92816 ; 


re  —— — — — 


&, 2 + Yum, 9.96408 


$$, X $. 5. ae. dats 


Which doudled, produces 45 degrees 58 minutcs, 


This (ub{tratted from the Right Aſcenſion of Aidebran, leaves 18 deg, 
12 min. the Right Aſcenſion ot the Mid Heaven. Add 360 degrees 
to x8 degrees 12 m'nutes, and from the Sum ſubſtract the Suns Right 
Aſcenſion 228 deg, 35 min. the Remainder 149 deg. 27 min, redu.ed 
to time, makes 9 hours, 57 minntes, 48 ſeconds, the bour of the Night 


lought, 
P2oblem XX&111, 


he The Azimuth and Alurude of a known Star being given, to find tlic 
Latitude of the Place. 


Example, 


The Alutude ot Aldebran, 1s 38 degrees 58 minutes, and his Az;- 
wuth S.E. 61x deg. of min. To find the Latzrude of the Place. 

In the Triangle APZ, there is given two Sides; AZ 51 dez, 02 
min. the Comp, of the Stars Altutude, AP 7.4 deg, 14 min. the Compl. 
of his Declinationz and the oppoſite Angle AZP, 118 deg. 55 nun. 
wo the Az1muth from the South; and the thud Side P Z requircd, b:ing 
his . 7 : : 

the Compl. of the Latiinde, Fig. 23 


The 


ng 
un, 
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The Operation, 


| Co, Ar, 
As. AD 74. WU — —————— 0,01665 
SO 15f, AZ Fil 02 ————————— 9.99971 


0 STE nn Ee _—— —- 


To ſc. ADZ 45 00 enm—_—m—_ —— x9.84953 


| Co. Ar. 
| AL Xu AZP nd APEZ 36 577 o,an0g 
' Toll! py ————-——- L 57 9.99570 
: Gt <X it. AP and AZ---- xx 36 9.31233 
I Tor, : PZ= — —— —1 40, r9.52907 


Which being doubvied, produces 57> deg. 29 min. Whoſe 
Compl. 52 deg, 4 min, 1s the Latituce Northerly, 


P2ovlem, XXIV. 


1 . 


T wo wwrawal Alcitades of the Sun taxcn 11 one day, with the tre bee 
\ eween the Osſervations, and the Suns Declixation being given; To hind 
the Latitude of the Place of Obſervation, 


Example. 
LT The two Altitudes are 43 deg. 06 min. and 56 deg, 34 min. the 


1 

| 

| . 

| time burween the Obſervations 18 ewo keurs, and the Swns Declination 
[1 20 degrees, 14 minutes North; To find the Latitude of the Place, 


[ In the Right-angled Triangle A BP, There is given the Hypothen«ſe 
AP, 69 degrees 46 minutes, the Compl, of the Deciinatron, the Angle 
| APB 15 degrees, halt the cre between the O8ſervations, and the op- 
7 palite Leg AB requ:rcd, | 

k Fig. 24 
{ 

| 


The 
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The Operation. 


As Radius — ——— —— Log. 10.00c09 


4 — 


” ” Toſ., APB 15% 0) —o— 9.413c0 
; So 15 {l. AP 69 46 — .2;4. | | 


To | AB — I4 OZ women cnn 49.395 34 {| 


Which being doubled, gives AE 28 degrees, 06 minutcs. 
\l id 
_ Secondly, In the Oblique Angled Triangle APE, there is given, the. [| 
70 two Sides, AE, 28 deg. 06 min. E Þ Gy deg. 46 min, the oppotite | 
33 Angle APE 39 deg. 09 min. and the other oppotite Angle AEP 
07 required, « | 
Fig. 24 
TA The Oper at10u 
oY | Co. Ar, 
As i, AE — 28% 001 —-—— 0.32697 
To fl. APE ——— 39 ©9 _ 0.69897 
So is f, EP ——— 69 46 _ 0.97234 
To f. EAD ———_— 5; 54 - X9.99828 
be- 
aq Thirdly, In the Oblique Angled Triangle AZE, there 1s given the 
three Sides A Z, 33 deg. 26 min, the Compl, of the greater Altzrudey 
E Z 46 deg. 54 min. the Compl, of the lefler AE 28 deg, 06 min; 
and the Angle E AZ. required. 
Fig. 24 
the The Operation. 
Oy AZ Sine -—— 33* 26” -.— Co. Ar. 0.25287 
AE Sine 28 6 — Co, Ar, 0.32697 
w[e ; Sum Sine — $54 13 ——-— Log. 9.9cg1F 
"ele Rem. Sine O07 I9 ————————9.10foL 
OP « Sum, 19.60000 
ah SC FO F2 ——— | Sum, 9.82000 
Which doubled, produces EAZ 101 deg. 44 min. From which 
Th, ſubſtracting E A P 84 deg, 54 min. thereremainsP AZ 16 deg. 5o min. 


Fenribly, 


—— 


= = » ——Cn Rr = IRE 
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Fourthly, Tn the Oblique- Angled Triangle ADZ, there is given, the 
two Sides AP 69 deg. 46 min, AZ 33 deg. 26 min, the contained 
| Argle, P AZ, 16 deg. 50 min. and the th:rd Side PZ required, 


Fig. 24 


The Operation. 


As Radius 


mm———_—  -_- - Log, 10.0c000 


| To f:, PAZ ——— 16* got ———-— 9.99008 
S0 18t, AL —— —- 33 26 —— —— 9.81968 
To t. ot a fourthArch — 32 17 — — —- 77550066 


] Co. Ar; 
As fc. of the fourth Arch, 329 17/ ©,C7293 
To ſc, of the refidual, 37 29 9.89956 

| Sis lc AZ 33+ 26  9,92144 

| To (c. PZ 3s 26 #939393 


Whoſe Compl. 51* 34 i che LatituZe Northerly, 


P20obvlem XXV. 


ITE Two unequal Alritudes of the Sw, and the C orreſpondent Azimuth: 
| tacen in ore day, and the Suns. Declination being given ; to find the La. 
titude Of the Place of Ot[ervation. 


Example. 


The firſt Altitude is 423 deg. ©6 min, and the Correſpondent CAz1- 
muth 65 Geg. iG uun. S, E. The ſecond Altitude 56 deg. 35 min. the 
Az1mnth 26 deg. and the Suns Declination is 20 deg. 14 min. North : 
1o find the Latitude of the Place. 


| Firſt, To the Ov!:q#:- Angled Triangle A'E Z, there is given, the two 
| Sides AZ 33 Ceg, 26 ain. EZ 46 deg, 54 min, the contained 
« Angle ATE 39 deg. 16 min. the Difference of the Azimmbs; and 
Angle EAZ, and the third Side AErcquired, 
Frg. 24 
The 


The Operation. 


fa C*Za ACLTaGESZ, 40" uf 
To. 4x &. o6 44 
Soistc. ; AZE 19 38 
SS & A // EAZandAEZ 27 29 


As cc. 'Z. a. AZand EZ 409 1c 


20 K.7A & ©6 44 
=—W C -: AZE I9 35 
To L. Ay - yy EAL and AETZ 74 39 
The Angle EAZ iS LOL 39. 
LEAZ 1019 394 
SEE 46 54 
Soisl. AZE 39 16 
To fl, AE 28 09 
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Co, Ar. 
DQOg9CE 
036342 
9.380136 


X9.07 392 


Secondly, In the Right-augled Triangle A BP there is given the Hy- 
pothenuſe A P 69 deg. 46 min, the Leg AB 14 deg. 04 min, the halt 


of AE; andthe Adjacent Angle B AP required. 


The Operation. 


As Radius n_ | LEES 
Son. AF 692 46G 

Sorst, AB 14 04 

toc BAF $84 42 


Fig, 24 


IO0,000909 


9.56654 
2.39892 


> Oo— 


A d,96546 


From the Angle EAZ 101 deg, 39. min. ſubſtract the Angle E AP 
84 deg, 42 min. there remains the Argle PAZ, 16 Greg. 57 min? 

Thirdly, In the Obl:que- Angled Triangle P AZ, there is given the 
ewo Sides AP 69 deg. 46 min. A Z ZZ deg, 26 min, the contained 
Angle P AZ 16 deg. 57 min, and che third Side PZ requiced. 


Qz2 


Fig. 24 &#$ 


The 


—_ my 
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The Operation. 
As Radius —— ——— Log. 1000 000 


To ſc. PA Z 16* 577 9.98071 
Soist, AZ 33 26 9.81968 


To t, of a fourth Arch 32* 167 a9.80039 


Co. Ar, 
As fc, of the fourth Arch 32 16 0.07285 
To {c, of the Refidual 37 30 0.89947 
Sois ic, AZ 33 26 0.92144 
To ic. P Z 38 28 X9.89376 
Whoſe Comp). 51* 327 is the Latitude North, 


—  — n—_—_—_— - —_— 


SECT, III. 
Containing fome general Aſtronomical Theories. 


Ok the Ptolomaick Syſtem. 


H E Prolemaick Syſtems is that which was fi.ſt invented ; and ſup. 

poſech the Earth to be Fixed as the Ceuter of the World, and that 

all che Ccleſtial Bodies move round the ſame 1n their Duwurnal and Annu- 
al Revolutions, 

The World is ſuppoſcd to be divided principally into two parts, Ele. 
mentary and Celeſtial. 

The Elementary admits of four Dwiſtons ; 

The firtt is the Earth, 

The ſecoud is the #ater 3 both which maxc one entzre Body or Globe, 
whereon we dwell, 

The third is the Air, encompaſſing the Earth, 

And the fourth is the Fire ; which according to the Opinion of Phi. 
loſophers iscontaiucd iu that ſpace between the Air and the Sphere of che 
Alren ;, As you may {ce in the following Figures T 

he 


nance cn core day _ <— 
, 


H' 
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Lhe Figure of the Ptolomaick Syſteme, 


d 
' 
| . 
s | 
vy* . ” . , $4 is 
Theſe four Elements are ſabje& to a continual Change a.d Al:eration ** 
one into another z according to the Proverb, -1 
; | 4 | 
Omnia [ub- Lunaria Mutabilia. h | 
The Celeſtial part is that which 1s without theſe. Elementary parts, i 
| youd 3 
! 
Y 
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void of all Changes; and is by the Antient Aſlyon:mers divided into ten 
Parts or Heavens, 

The fuſtof which, next to the Region of Fire, is the Heaven or Orb 
of the Afoos, 

The fecond of e Mercnry, 

The third of Venus, 

The fourth of the Swr. 

The htth of Mars. 

The ſixth of Jupiter. 

The ſeventh of Saturn. 

The cighth of the Fixed Stars, 

The ninth 'C called the Cryitaline Heaven. 

The tcnth the Premum Mobile. 

The Magnitude of theſe Heavens are known by their Courſes, which 

thoſe great  >dies within them make round the Poles of the Zodiack. 
The Moox runneth through the Heaven, by her own natural Courſe, 
from Weſt to Eaſt in 27 Dayes, 8 Hours. 

Meroury in 58 Dayes. 

Venus n 225 Dayes. 

And the Sun 1h a Year, 

Mars in two Years. 

Jupiter in 12 Years, 

Saturn in 30 Years, 

The E:ghth Heaven perfects its Courſe, according tothe aihimation ot 
T ycbo Brahe, in 25400 Years. 

Theſe Heavens are turned about upon the Ax of the World by the 
tenth Heaven,w hich is the Primum Mobile or Firſt Mover, by which mo- 
tion is cauſed Day and Nith:, and che daily rifing and {ctring of che 
Heavenly Lights, 
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Lye Lycyoncan Spſreme. 


A 
La 


Tis Hypotheſis derives its Name from the Author ehercot , Thchs 
Brake, a Noble Man ot Dexmark , the moſt tamous Aſtronomical {,b- 
(crvator 1n the World in his dayes ; who by his own Ovferva:tons dvd 
rectifie the places of moſt of the Fixed Stars which appeared in that Hy 
1129 W herein he lived, This tamous man, a ccording ro his preſeur ap 
prehenſion , framed this Hypotheſis of the Heavenly Motions, where 
be fappoſe:h That Venus, Mercnry, and all the other Plinets ( ex- 
cent the Aon ) mm their Motion, reſpect the Swz as their Center; and 
that Saturn, in Oppaiition to the Su, 15 Ncarer to the Earth than 
Pew, 
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"env in Aprgeon.z and that Mars in Oppotition is nearer che Earth than 
the Sw it (clt : as may appear 1n the laid Hyporbeſss. 


—_ — 


The Copernican Syſteme. 


i ——_—_— 


| "This ypothe(ss was firſt invented and framed by Coperniczs, a famous 
| Aſtr enomer of Germany, who lived in the Year x 500, who ſuppoſed, 
| 3, That 


At 


us 
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Tt. That the Sun is placed in the middeſt of the World, in or about 
the Center of the Sphere of the fixed Stars, and hath no Circular motion, 
bur Central only, 

2. The primary Planets are each of them in their proper Syſtems mo- 
ved about the Sun, and accompliſh their Periodical Revolutions myſt ex- 
attly in their determinate and appointed rimes, 

3. Thar the Earth is one of the Planets, and with her annual moti- 
on about the Sun deſcribeth her O1b in the middle berween the Orbs of 
CHMars and Venus. 

4. That the ſecondary Planets are ordinarily moved about the pri- 
mary Planets, reſpecting their Bodies for their common Nodes or Cen- 
ecrs, 

5. That the {zcondary Planet, the Coon, is moved about the Earth 
as her Center; where, by reaſon of the annual morion ot che Earch,the hath 
not only relation to the Earth, but by conſequence to the Sw», as have the 
other Planets, 

6. That as this Primary Planer, the Earth, is environed with the 
Sphere of the Moox,lo are lome (if not all) the other PrimaryPlaners,who 
have in like manner their Moons or Concomicants encompaſiing them, 


The Motion of the Planetary Syſtem. 


Firſt, The Su» hath only a Rotation from Weſt to Eaft, upon h's 
own Axis, in the ſpace of twenty fix dayes, or thereabouts. 

Secondly, The Planet Mercary pertorms his Revolution about the 
San in eighty eight dayes which 1s noted in the Scheme wich the 
hgure 1 Y, | 

Thirdly, The Revolution of Venus jn 225 dayes 3 noted by the 
figure 2 2, 

Fourthly, TheRevolution of the Earth with the Moen, in one year ; 
noted by the Circle 3, 

'Fifthly, The Revolution of Mars in two years, noted by 4 4, 
S:ixthly, The Revolution of Jupiter, with his four Compamons, in 12 
Fears, noted with 5 Y. 

- Seventhly, The Revolution of Satary, with his Ring and Moon, in 
30 years ; noted by 6'H. 

The Moon circumvolveth the Earth every moneth 5 Jupzter 's tour 
Attendanrs him, in time — their diſtances trom him, 

it Y Thc 
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The firſt, and next him in one day 18 hours. 

Tie ſecond next wichourt that, in 3 dayecs 13 hours. 

The third in 7 dayes 4 hours. 

And the fourth and outmoſt in x6 dayes 8 hours. 

Satxrns Moon moves about him in 16 Cayes, and all from #*ft to 
Eaft, according to their Revolutions about the Sun, 

Saturn, Tapiter, Mars, the Earth, Venus and Mercury (whoſe Re- 
volutions reſpec the Sus only ) are called Primary Planets. 

The reſt ( that move again ) about Satzwrn, Jupiter and the Earth, Se- 
condary. 

The Earth hath a Revolution upon her EqarzoGtial Poles, in 24 hours, 
from Weſt to Eaſt. 

The Secondary Planets arc all of them much leſs in Magnitude than 
their Primary, and all the Planets togerher, much leſs than the Sur, from 
whom they all receive their Light, Virtue, and Principal Power of Mo- 
t10N, 

Far without the Planetary Syſtem arc placed all the Fixed Stars, in 
ſeveral Diftances, bur all unto us incommenlurable. The Paralax ot th: 
E xrths Orb being infen{ible in any ot char Places, 

The Golden Namoer Or Prime, is a Circular revolution of 19 Years, 
in which tearm of years it hath been antiently ſuppoſed, that the Sxn 
and Moon do make all che varirty of Aſprtts one to another, 

The {cle of the Sun maketh its Revolution in 28 years, becauſe in that 
time all the variety of the Dominical Letters and Leap-jears are expired, 
and the 29*" year the Cycle doth begin again ; which number is two find 
out the Dominical Letter for any year palt, preſcut, or to come, 

The Reman [ndiftion conliſteth of 15 years, and is ſet down in the 
Charters and Writings of the Protonot aries of the Pope of Rome tor once 
in 15 years the Nations were to pay Tribute ro the Rownans, 

The Epatt is a Number never exceeding 30 daycs; itis the 11 dayes 
and fix hours, which added to the Lunar Year, being 354 daycs, do make 
3c equal to the Solar Year, whichis 365 dayes. 

The Leap-Tear is every tourth Year, which hath one day morc in 1 
than another, this day 15 made up in four years, by the odd fix hours 
that is over and above 365 dayes, which day is added ar the end of 
February ; So that Febrmary every Leap-Year hath twenty nine 
dayes, and in it are two Domunical Letters ;, the firſt ſerving from the 
filt of January, until the 25 of February; and then the other Letter 
takes p.ace and {crvesto the Years end, And here note that the Prize 


and 


Ea wile A 
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and Dominical Letter, and the Cycle of the Sun, changeth the firſt of Fa. 
nuary, and the Epact the hrit day of March; the Number of Direitiov 
the 22 of March, and the Romas Indittion the firſt 0f September. 


PO OE EO I 


cs ct cit nn ED 


Memorial | erſ es on the Ecclefraftical 
and Civil Kalender, &c, By Mr. T.S. 


Lo know if it be Zeap-Year, 


Divide the Year vy 4; What's left ſhall be 
For Leap-Year ©, for paſt 1, 2, or 3. 


ERE you may omit the Hundreds and alto the Twentes of the 
Year of the Lord ; and only divide the retidue oy 4. 


For E xa4mple. 


eAnuno 1667, omitting the Hundreds and alſo the 3 Scores, I divide 
the Reſidue, which 15 7, by 4; and there remaincth 3, which thews 
ic is che Third atter Leap- Year. 


—  — « — — — — 


Lo find the Donmunical Zetter, 


D:uide the Year, its 4th, and 4, by >; 
What's left ſulſtratt from > ; the Liter 's given, 
A 1. Ba. C3. D+ Eg. F6, G7. 


| Example. 
Ot thie Year of Chrilt 1667 
The gh parc ( omitting fraction ) 15 416 
To both which I a4d the number 4 
The Sum is, 2587 


Which div:dcd by 7, there 3+ left 1, vv hug; ſubſtractod from >, the laſt 
R2 remainder 
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remainder 6, ſhews that the Dominical Letter for the Year, 1667. is 
the ſixth in order of the Alphabet, that is F, 

Bur the Leap-year hath two Dominical Letters 3 The latter found by 
this Rule, ſerveth trom St, Matthias Day to the Years End ; and for 
finding Eaſter : The former ( next following in order from A to G, and 
beginning again at A) ſerveth from the New- Tear unto St. Matthias. 


TD — 


Foz the Golden Number, Cycle of the Sun, 
and Jndiction, 


When 1, 9, 2, to thYcar bath addid been, 
Divide by 19, 28, 15. 


Example. 


To 1667, I Add 1; the ſum 1668 I divide by 19, and therere- 
maineth 15, which is the Golden Number tor the Year 1667, 

Again, to 1667, I addg, and the ſum 1676 I divide by 28, the 
refidue 24. is the Cycle of the Sun, Anno 1667. : 

Laſtly, To 1667, I add 3, the ſum 2670 divided by 15, the re. 
mainder 5 15 the Ind;Q:on for 1667, 


rn —— — — ——— —_ 


The P2ime 02 Golden Number being gi- 
ven ; To find the Epact, 


Divide by 3; for each oneleft add 10; 
30 rejett : the Prime makes Epatt then. 


Example. 


Anno 1667, The Golden Number 15 I divide by 3, and'there is left 
© ; therefo1e ten times ©, which is ©, added to 15, the ſumis x5, the 
Epatt Anno 1667. | 


2p 


Se 


lefc 


The Doctrine of the Sphere. I25 


2By the ninteen Epacts, to find the Day of 
Eaſter Limit from the beginning of 
March incluſively, 


The Epatts take from 47;, but two 
The greateſt take from 77 : "twill do, 


Example, 


Anx2 1667, The EpaQt being 15, I ſubſtraQt ic from 47, and the re- 
ſidue 32 is Eaſter-Limit, Anno 1667, that 1s April 1, reckoned from the 
beginning of March incluhvely. 

But when the EpaCt is 28 or 29, it mult be ſubſtracted from 77, that 
ſo the Limit may remain, And the next following Sanday after che Limic 
is alwaycs Eatter-Day. 


Eaſter-Limit, and the Dominical Letter 
being given ; To find Eaſter-Day, 


The Letter more by 4 from Limit take ; \ 
What's left from neareſt Sevens, ſhall Eaſter makg. 


Or thus, 


Take the number.of the given Letter more by 4 from the given Li. 
mit, and the refidue from the neareſt greater ſum of Sevens; the laſt re. 
mainer added to the Limit ; the Sur, or its excels above 31, 15 Eaſter- 
Day in March or April. 

Example; 


Arm 1667, The Letter 6 more by 4, is 10, which taken from the 
Limit 32, the Reſidue is 22 ; this taken from the neareſt greater Sum of 
Sevens, 28, there remaineth 6 ; which added to the Limic 32, the Sum 
is 38, the exceſs of which aboye 31, is 7, Therefore che 7'Þ of April, An- 
no 1667, is Eaſter-Day, ” 

| For 
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Fo2 the Dayes of the Months on Which the 
Sun entereth the twelve Signs, 


Twice 9, twice 10, 4 Twelves, 11 
Then 19, then 9, then $8 or 7. 
Anno 1700. © in 
T. Ms Mo > i ©. #*wo mh. F , Ww ws I 
Mar, Apr. May, Jun, Jul. Aug, Sep, Oct. Nov, Dc... - Jan. Feb, 
ts 2 9 0 {32 24, Þ28. $i. a1, i0;, %. 


Fo2 the Degre of th: Suns Place on 
any Day, 


From the Day of the Month on which the Suns Place is required, if 
| you may, or clle from the {um of that and 30, ſuvſtract the day of his 
enterance into the Sign of that Month ; the Remainer ſhall be the Degree 

of his Place in that or the next preceding Sign. 


——— ———_—ﬀ ——— OO — — ———— —— — 


Foz the Age of the Moon,o2 day of Change. 


Fanw ©, 2, 1, 2, 3, 4, 5, 6, 
8, 8, 10, 10, theſe to the Epatt fix : 
The Sum (bate 30) tothe Month: Day add ; 
Or take from 30 : Age; or Change # had. 
Or thus, Add to the Epa®t, in 
Jan. Feb, Mar, Apr. May, Jun, Jul. Aug, fept, Oet. Noy, Dee, 
SS 21 % + ++ 6, &% 35. 3% MM 


The Sum, if it be leſs than 30 ; or elſe the Excels above 30 ; added to 
the Day of the given Month ( rejefting 30 if need be ) gives the Age of 
of the Moon that Day ; but Subſtracted from 30, leaves the Day ot che ) 
Change in or from the beginning of that Mouth, 

Fer the Day of the Full Moonz Add or Subſtract 15, to or from the 


day ot the Change, Example 


—_—— OE OOO —O OO O— EE —_ 


LN 
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Example, 

1, For the Age ofthe Moon, Anno 1667, May 29, the number for 
the Monch 3, added to the Epatt 15, makes 18 3 which added to 29. (re. 
jeRing 30 trom the ſum ) gives 17, the Age of the Afoox required. 

2, For the day of the Change ( or New-Moon) in May 1667,. the 
Epaft 15, with the Month 3, makes 18, ( as afore) which ſubſtraed 
from 30, the Relidue 12 15 the day of the New-/Hoon in May, 1667, 

3. The ſum of 12 and iy, 15-27, the day of che Full- Moon in May 166 7 


DE ee 
| — 


Lo find the Day of the New-Moon,and the 
Enterance of the Sun into the Signs, 
fo2 Lime Palt o2 to Come, 


3 
Paſt Add, to Come Subſtratt ; for Moon and Sun. 
Ot thus. 


For every 312 years Palt, add x day to the time of the New- Moon? 
found as above : For 312 years to Come, Subſltract x day, 

Likewiſe, for 131 years paſt, a day 1s to be Added to the former ac- 
count of the Suns Entrance z And for x31 years co Come, Subſtracted, 


— 


—— 


— ##—_— 


To find the Diſtance of the Sun from. the 
Nodes of the Moon perpetually in all 
Lunations; Rememember, 


Year 17 bundred, Node, Sine 4, Degree 
27, 3, 800, 43, 


1, Take the Interval between the given time and 1700 Compleat, in 
years and dayes; allowing 12 Months to the Year, and 30 dayes to a 
Moneth : and the account will ſuffice for this work. 

2, Multiply the years of the Interval by 43, and divide the Produg 
by 800 : the Reſidue multiply by 9 3 then take the half of this Produg 

and 


—_ > , 
—_  — R- _- _ 
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and diſtinguiſh the laſt figure from the reſt by a Point : So have you the 
degrees and 10 partsof a degree, anſwerable to the years of Interval, 
Alſo multiply the dayes of the Interval by 43, and divide by 8co ; this 
Quotient ſhews the degrees, and the remainer divided by $0, the x0'* 

arts of a degree, of the Motion for the dayes of che Interval, Then Col- 
Ic the former and latter degrees and 10*'”* tuto one ſum, and reduce it 
into Signs, Degrees and Tenths. | 

3. For time afore 1700 Compleat, Add the Signs, Degrees and Tenths 
thus found to 4*, 27”, 3 10**; but for time after 1700 Compleat, 
Subſtract them from 4* 27%, 3 10*"*, and the Sum or Remainer ſhall 
be for the place of {2 5 Adding one degree for the tenths if they exceed 
5» -clſe rejecting them, ; 

Always in Additions,omirt Cycles (to wit, x2%,or 360",) But in Sub. 
firaQtions, Add one'Cycle if need be, to the Number from which you are 
to Subſtract, 

Next, by the Common Rule for 1 700, without any correction for time 
paſt or to come, find the $:gn and Degree of the Suns place, and ſubſtract 
the laſt found place of (} fromir : The retidue 15 the Diſtance of © from 
£2 required, 


—_ — 


The Limits of Eclipſes of the Sun and 
Moon, in Degrees from 9 oz c:, 


Within 16 the Sun, and 10 the Moon, 
Suffer Eclipſe ; Above 18, 12, none, 


— 


To find the Length of the Dayes and 
Nights in the Lat. of 52s, fo2 ever 


To 15, 1; 1,16; 2,6; 3; 
I; 23 33 4 hours; 4 and balf apree. 


To the given diſtances of the Sun from the next AquinoCtial Point, the 
anſwerable hours are theſe ; to 15%, x hour ; to x Sign, 2 hours; to 2*, 
16", 3 hours ; to 2*, 6", 4 hours; and to 3*, 4 hours and a halt : which 


hours added to 12,the ſum is trom the Vernal Xquinox to the Autumnal 


the 


LC 


he 
I', 
ch 


nal 


Vernal the length of che Night in thoſe Diſtances. 

And for all other intermediate diſtances of © from the X wineRis | 
Points; the Proportion 153 AS I5, 16or 20",to 6c/; oras29 to 3</; 
So arethe degrees of the excels of the intermediate dittances above W285 
1*, 16', or 2*, 6”, and not exceeding 2* 26®, to the minutes of <> 
Lengch ofthe Day or Night avove L2, 13, 14, 15,0r 16 hours: Alv-a:5 
allowing 4 Degrees cr Dayes atore aud ater the Ingrels into & and 17+} 
Solſtice, 

The Lengch of the Day and Night taken together is 2.4 hovrs, from 


| 


which it che one be {uoſtracted, there will remain the other ; And, 


J - 
i 3C2 


Night,? Sun Ring, 
Half the Length of the c 15 the time of 


{ Day, Sun Setting, 


Lo find the Hour of the Moons coming to 
South ; and High-Watcr at London, 


The Moms Age Multiply by 4; Divide 
By 5 for Sonthizg : Add 3 for the Thde. 

But when the Age of 9 exceeds x5 dayes, you may rcjet IF ; As it 
this Example. 

Anno 1667 Alay 29", the Age of 3 veing 17 dayes, I reje& 15, 
and the r:fidne 2 multiplied by 4 makes 8, which divided by 5, the 
Quotient is 1 *, the hour of » Southing; to which I add 3" and 
the Sun is, 4 by or 4 367, the tim* of Fall-Sca at London, 

But it is here to be noted, that by manitcſt experience it is found, 
that when the Moon is in either of the Quarters, that then the Tides dv 
not hold out their full time, bus 1s High. W :ter ſooner than is found by 
che Rule ; which may partly be occaſoned by the weaxnels of the Tyde, 
at ſuch a time, and the lenz'h of the River : tor by the foregoing Rule 
you may find, That when the Moon 1s > Dayes old, the time of H;gh- 
Water will be at 9 of the Clock, when uy»n cruc Ovolcrvation it will be 
found to be an hour ſooner ;, and therefore to xnow the true time of High- 
Water, you mult ſubſtract-l»me minutes from the t11me found by the 
precedent Rule, according to thc Ave of the Moon, as you may viataly 
{ce 2 the annexed Table, 


I or 
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Autumnal, the juſt length of the Day, but trom the Autumnal :« ::.* 


=. 
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Example. 


_— O— I— — _— 


| ; wp = n «| The don | being 7 dayes oid,it '5 h'g! 1 Ty: 
Z'12 L 0 275 O1IITIC - hen in \ this Tablc l6 "thi chi. I: rirc 7 
| 412 x =) 1s 15 in the firſt Coumm, 4nd 1121, L1thl 
G ad wh ht | ©[3<]:he ewo laſt Culumns, + 14 the Tice of hour 
+, 
24 


| , X 

| C145} and minute. you will tid one hour, which 
| muſt be {ubſtracted from the hour found by the 

Ruiz, and the Remainer 1s 8, the true time of High \Wacer, 


p 


A Labie WHewing the time of the £599ns 
coming to Souti} any Day 6k Yer Ig? 


Moons | _— The Ui: of the Table, to find the time of the 
| oE. | Youre -d fon JONnsS COMmMMmY TO South. 1 vic ors {t and lecond Co. 
NI in ſhe the Days of tne Moos Agezin the third 
S 20d fourth the hour and minute of che Moonscome 


10j © '4t ; ing tO South, 
$S $7 42 G1 
4 ot Example. 
2 LT Dj 2 24 
It I -! 


bo 4 0 The Moon being 10 dayes old, I would xnow 
; 21 4 4a8j23W hat timethe Moon will be South : I hind 10 
, 5 6\ Un der the Title of the Moons Age in the firſt Co. 
g G a lumn, and right againit it 11 the third and tourch 

3 x24 C olumins, you have $ hours cc, which theweth 


CE -— — — wy  _—_ 


| 24) 7 

K, = 8 ol 22t the Moon being x0 Cayeg old, cometh to Sourh 

We _ g a8) at 8 a Clock and no minutes,unto which if you add 
[en ES the time of flowing at Full 8 Changc,the ſum will 
| _ git 2g) © the e time of Fall Sea at t tc ſame place, As here 
| 14 298e n2/f London, the timue of flowing at Full and Change 


| ; _—_—— _ = 15 Al 3 ot the Cl CK, which you alc to add ro the 
y HE 1s ! Mons South:ng, and the ſum is 11, which is the 


:imec of High-Water when thc Moon 1s 10 daycs old, 


Lo 


To find the Hour of the Night by the Sha- 
doW of the $53on upon a S149 


Fiſt fiad lier coming to South ( as before ) then fe: how many hours 
and muutes the had ow warts of the hour of 12; which houis an { mi- 
nutes take tron the hour and minure of the Moayns commg to Souch, and 
the remuner | tie hour of the Nights our it the Chadow be paſt che l1our 
of 12, thcn you 1: vaſt add [0 many ho urs and minutcs as the ths 4ow 18 
paſt 12 to the hour and minute of c2e Moons corung to South, aud chat 


v all be che hour ot the Night. 


- Av ial, 


E NAP le. 


On the 26 of Nov:wber 1669 I ftid the Moon to be x > 


» 


3 © aVves old, 
and cher cOLc fe comes to South at 15 a Clock and 24 min. paſt ; . ary q 
ſuppoſe che. fame 11ght you — zpon a Sun- Di al, and ſhould find «| 

{hadow to bc halt an hour p Ax 9, witch wants 2 hcurs and a half of the 


12 a Clock Linc; whi ch 2 hours and h mw Deng ! axcn trom 10 hours 24 


minutes, the rrme of Mo > SOUrR! , the remaind.r will be 7 _ the 
, þ = . [] - 
Clock and fi:ty tour minutes, vv ch 15 = tme of the Ni Pr dcticd, 
A: gain, ſu! 4, Wa th Gb Lame niot- er $4 = » {} i112 i Jv or the = MM 10N On ne ._ 


had fallen on the hour of L, Tat 15 ONC nour paſt the Line of 12, and 
therefore an hon r mult be acc&cd- 7 the Mons c mig to Sou:h, and 


rl;ar is the hour of che Night, whikh 352i: the Click ang 2.4 m1:ut 
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AARINERS COMPAS. 


Of the Variation of the Compals, and the pro- 
bable Cauſes thereof; Some Obſervations to 
find the Variation ; the Deſcription and Ule 
of the 4zimuth- Compaſs ; - of the Univeſal Ring- 


Dial ; of the Variation- Compaſs. 
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SECT, IL 


Of the Original Diſcovery and Invention of the Mariners 
Compaſs, and the Excellency thereof. 


O——_— 


PRA 11S marvellous and moſt uſciul Inſtrument, called the 
Rr Mariners Compaſs, 1s juſtly .anked am» gt the great- 
elt Wonders that this Wor |d affords, and deſerves well 
{ to be underſtood by all that are Scudents and Pradtiti- 
\ a oners in che Art of Navigacien ; tor without the help 
FSSTL2) thereof, it were umpothible to trace out the unbeaten 
Paths ot the Ocean, for the procuring Trade and T. aftique beyond the 
Seas to remote parts of the World ; and by the means thereot che Glori= 
cus Goſpel hath been tranſmitted i into the moſt dark corners of the Farth, 
As to the Original Inventer hereof, Modern Hiſtorians do ſomewhar 
vary ; ſome attr: bute the Invention thereof to one Jobs Goia ( or Flavig 
Goa, 
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Goia, as others-\tile him.) of Amalphi in Campania, in the Kingdom of 
Naples, who only accomodated the Superficies thereof with eight Points, 
that is, four Cardinal, and four Colateral ; and ſo left che Improvement 
of this Invention, to be attempted by Poſtericy, But Polidore Virgil, an 
halian, who learched molt diligently tor ſuch Inventions, could never 
hear of this Opinion, as he contefleth in the latter end of his third Book, 
Dt Inventoribus Rerum, Bur lome do ſeem to aſlerc, that the finding there- 
ot is more Modern, and hardly to be proved that it hath been n uſe in 
theſe parts of che World full 300 Years. Ochers do enticle the Inventi. 
on thereof to the Poople of Chivas. Doctor Gilbert in his Book De 
Magnete, aſſerts, That Paulus Venetua tranſported it firſt into Italy, in 
the Year 1260, having learncd it from the {hinzeſes. And Lud Verte- 
wan aftirms, That when he was in the Eaſt [xdies, about the year 1500 
he ſaw the Pilot of a Ship direct his Courſe by a Compals, falhioned and 
framed as choſe w hich now arc commonly uſed, 

And Mr. Barlow, in his Book entituled, The Nawigators Supply, Anno 

1597, relatech a Story of two Eaſt Indians that he had perſonal confe. 
rence with ( one of them was of Mamilia, in the Ile ot Lazon, the other 
of Afraco of Fapan) who declared, that in ſtead of our Compals, they 
uſe a Magnetical Needle of 1x inches and Tonger, upon a Pin in a D.th of 
white China-Earth filled with Warcr, in the bottom whereof they have 
two croſs Lines, for the tour principal Winds, the reſt of the Divilions 
being left co the $kill of their Pilots. Alſo he there relates, that the Ports. 
gals in their firſt diſcoveries of the Eaſt-Indies, got a Vil-t of Melinde 
that brough: them trom thence in thirty three dayes, within the fight of 
Calecute ; and eventhen they had the uſe of the Compals, the Card, and 
the ſounding Linz, 

Philander in tis Annotations upon Vitruviu ſheweth, That ſome men 
deem'd ic not a New but an Old Invention, and took it to be a Nantical' 
Inſtrument, which is called by Plantus, in Trinummo & HMercatore, ly 
the Name of YVerſoria. But this, Adrian Twurncbra in no cafe will allow, 
affirming it rather co be a kind of Tackle, wherewith they turned cheir 
Sail, which is ſuppoſed to be the Bow-Line, that is now commonly uſed 
in theſe dayes. Bur let the Invention be attributed to whom it will, *tis 
maniſeſtl a to have received 1ts abſolute pertection in theſe parts of 
the World, but more particularly the complearing of this [vention is due 
to the People of Antwerp and Brug-s ; and alſo ro our own Nation, by 
annexing to the Compals twenty tour lubordinate Winds or Points : and 
alſo on theLimb thercot 306 degrees,which are numbred tromNorth and 
South, 
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South, towmds the Eaſt and welt, 10, 2G, 30, &:. So that it appeareth 
that every Poinc containecth 12? is. es pon the North Point thereof 
iS a Flower-deluce, to diſtinguiih ir trom che reſt of the Points. 

Before the Invention of his rare Inftrument, men were directed in 
their Voyages by certain Stars they roox notice of, efpecially the Pleades, 
or ſeven Stars, by Chzries his Wai, and the ewo Scars in the Tail of the 
lictle Bear, which were therefore called Ls 1d-frars, Aito Travellers 11 
the D:iarcs of Arabia, and thuſe of T artaria, were al guide by fone 
fixed Stars in che night time, to ſtcer their Courſes in thofe pothlels, dif- 
ordered, and unhoſpitable waycs, So Seamen were directed by the lixe 
Heavenly Guides, in the untractable Wilderneſs of Waters anc! un-acats 
en Pathes ot the Occan, before this excelent Artihce was diſcovered : 
Bur it the Sky happencd to be ſullied with Mifts, and che Scars to be mut- 
led with Clouds, then the moſt Experienced Mar incr was at a lols, and 
was conſtrained to come to an Anchor ,or to lic by,to wait the appearance 
cf hs Cxxleſtial Directors; and if you conſul P/ixy,he will tell you allo ot 
the Inhabitants of T.: tprob.ina, 110 called Sumuir.:,oecauſc the V could not 
behold the Pole-Star to Sail by, carried certain Birds to $ a, which th 13's 
did often let fly, And as thoſe Birds by narur: | 1:.ſtinct applyed } rheir flight 
alwayes to Land , So the Mariners dir:&cd rthcir Courle atter them, eve. 

To theſc aud the like D fhcealtics were men expoſed before the bavention 
of this marvellous Inſtrument. Bur by this unparallePd Gem Pelt:rity 
1s ſecured with a nobic Remedy bo rainſt chis 2rand Inconvenicnce; and a 
method ditamoret, as by an 1:.necl; arc Meilcnger trom Heaven to Itcer an 
intallible Cor ale 1: 1 the molt gloomy nights, and tumul:uous Seas and | by 
the Providence of the —_— ty b be fafely co :Gucted to the defired Port, 

Yer thus worthy Inſtrument 1s no: to ab! jJuccly pertect by that acqu:- 
r-d viriuc it receives Irom the: Load-Stone, bur that it regen {ome 1m - 
provements, becauſe it Goth not comorm 2! {c]t ro the true Meridian 1n all 
places z bur varics and diſtorts it {cli in ſome places Ore, in ſome leſs, 
trom the dirc&t poltition of che rrue Nortivana South, which multip! < 
ard enlorces the __ Ciſtractions, and enwraps him oftentimes int 
ditficulc and datigerous Errors, A Dilcourle of the Varia:1on, and ot rine 
probable Conicctures of the Nztural Cauſe thereof, is fully handled in that 
w hi tlio. I chought 1. neceflary ( tor method d ſake) to ſubpyn 
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SECT, II. 


A Diſcourſe cf the Uariation of the Co1:- 4 

pats, andof the Natural Cauſe there- i! 
of ; with Obſervations of the | 

Uariation, J/ 

HE Variet-n of the Compaſs, is an Angle intercepted beriveer; | [ 

[ the Magnetical and che true Meridian, che Horizon determining 4 

its Quantity and Quality» Theſe Meridians ſomerumnes ace co-incident ' 

and in ſuch piaces ther? can Þ2 no Variations fometimes avwain they are 


difte-en: 


126 The Uariation of the Compats. 
diffrent : and then the Hemiſphere wherein the Northern exireamiry 
of the Needle lyes, denominates its Quality ; tor it it be to the Eaftward, 
then ir js called Eaſterly Variation, if ro the weitward, then Weſterly, 
And for the Reaſons of the Natural Cauſe of the Variacion, I hope, 
firſt of all chat it will be granted (by the Judicious) chat the great Globe 
of the Earth whercon we move, 1s a Magnetical Body ; and daily expe- 
rience doth maniteſtly prove, if you take but notice of the Univerlal con. 
F tormity of the Compaſs, to near one and the ſame Poſition to the North 
; and South Poles of the World, the which 1s thereunto commanded by 
| 
/ 


the Magnertical and Diſponent Faculcy of the great Magner, the Earth, 
by whoſe Magnetick vigor,paſting from hcr Mcridional parts to the Poles, 
ſhe is held and ſuſtained in that poſture, and not to be removed by any 
force from her Natural Poſition : yet it ſuch a thing werepoſlible, cer- 
tainly ſhe would return again unto her ſormer ſeat and place, as all Mag- 
| netical Bodies and Needles do, that reccive Virtue and Strength from the 
f Load- Stone, For a Magnetical Body is (]'d, (not only that which hath 
in a power attractive, but that which being ſcicuared in a convenient Me- 
q dium by an Intrinfique Natural propenſity diſpoſeth it (elf ro one inva. 
tiable and and fixed Refidence : ſo that if a Magnetical Body, Needle or 
Compaſls be violently remoyed, yet would it not abandou its Primitive 
Points,'or fwerve frem its Meridional Polarity, but return to ts natural 
(cituation : And ſuch a Magnetical Virtue is diffuſed through the w hole 
Body of the Earth, whereby it conſtantly addreſleth it ſelt to the Poles, 
being fo conſtituted in its whole Frame, Order, and Aſpect, unto theſe 
Poines ; that the AttraQive Vigor thercof, is not confined nor locked up 
within its inward Cels and Receſler, or circumſcribed within the circum- 
terence of its own lurface, but difpla'd at intermediate diſtances, notwicth- 
ſanding che interpolition of the Water, Air and other iuterjacent Bodies 
whatſceycr, though never ſo ſylid, through ail which it doth excite, and 


tranſplant its Magnetical Virtue, into all Bodics ficly qualified within and | 
withour it; and effe&ting this in an abſtruce and indiſcernable way, the | 
which we may ſee viſibly performed by the Load-Stone : For thele Etflu- 
viums penetrate all Bodies, ard atraque all Objects capable of their vigo- : 
rous and active excitation ; as is apparently manifeſt in all Magnetical 4 
Needles and Compaſlcs, having received ſtrength from the Load-Stone ; hy 
(but m>7e eſpecially in the Inclinatory Needle ) that the direction and 2 
ſcirurtion they do then aſſume, is not abſolutely from its own Na- d 
twral propenfity to that poſition, originally relulting tromchemlelves z th 
but i- d:rivative,and contracted from the powerful command of che Mag- , 
'__necick 
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netick Fflux of the earch, and by their mutual entwinintz and compl! 
cation, carry away the Needle as their Captive, and place it according 
to her natural poſition, But ſeveral Icarned men,and grcat Philoſo; hers, 
are at a great conteſt abour this matter ; for Graxdamicrs,a learned French 
man, in his Magnetical Tra&tate, De Immobilitate Terre, doth aftirm, 
That the Virtue of the Magner, and all Maguetical Bodies, is purely im- 
material, and a bate ſimple quality, andehar it proceeds intrinſecally 
from the proper form of the Load-.ſtone, as he hath dclivercd in the third 
Chapter of the ſaid Book, Page 48. The which allertion, 1sS much 
queſtioned by that lIcarncd and experimental Piloſopher, Dr. Power, 1n 
his Book ot experimental Philolophy , from p2ge 157 to page Ir, 
where he doth athrm, That che Magnetical Effluviuns, do not procecd in. 
triuſccally trom che Stone, but are certain extrinlecal Particles, which 
approachiug tothe Stone, aud hnding congruous Pores and Inlets therein, 
are channel'd chrough it : And having acquired a motion thcreby, do 
continue ther current fo far, till being repulted by the Ambient Air, 
and they recoyl again, and returnin a Vortical Motion, and ſo continue 
their revolution for ever, through the Body of the Magnet ; which he 
doth there endeavour to proye by [cycral Arguments, 


And for the further Drmo»ſlration of this probable Truth, ( that the cauſe 
of the Variation ts clearly from the Magnatiſm of the Earth ) I ſhall pre- 
ſent a notable Experiment that may be performe4 by the Magnet, | 


Take a Vigorous Magnet, and let it be converted into a Spherical By- 
dy, and having found its Poles, delineate the fame with Meridians, the 
EquinoCctial and Parallels; then take a {mall Magnerical Needle on a Pin, 
and if you apply chis Needle to che Ecuinoctal of the {aid Srone, the 
Needle will lye parallel to the Axis thereof ; and if you move ir towards 
eicher Pole, the Needle wall immediately encline towards the faic} Pole, 
accordim as you move Mt,” until you come to the Pole, then will one 
part of the Needle point direly to the very Pcle of the ſtone, 

Bur if this Spherical Magnet ſhall have a part of it excavated, as 
admit about the 4.5% Parallel; then it you move the Neecle ab:ur 
the Stone as before, ſo ſvon as it ſhall draw near to the Limb of this Ex. 
cavation, "twill in its courſe of moving, ſuddenly alter, and enchue to 
one of the ſolid Sides, nor at all rcſpe-tirg the aforcfaid Poles : An this 
deflection 1s called, The Yariatios of tie Needle ; and the greater wil! 
this Variayon be, the Nearer 1t ayproachieth to the Poles : for whereas 
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before the Excavation, each Side being a 1 ke potent, the Needle enclined 
according to his natural potition, bur m:eting wi:h this accident in Na- 
ture ( that isco ſay) the Excavation, It will convcre it ſelt ro the more 
ſolid Side, rejecting the impertect and Getective, and ſo much the more 
powcrfully, by bow much che detective part hath Icit of its Magacrical 
Vigorous Subſtance, 

And as it is with this Little, fo likewiſe with the greater Magnce, the 
Earth, whoſe ſolid Magnetical parts, are great Continents, the defective 
and Excavated, the dcep and vaſt Channel of the Sea ; and therefore the 
caulc of Variation, may be the inequality of che Earth, variouſly diſpoſed, 
and differently nixed with the Sca 3 and all the difierent Emillion of its 
{trength and Magnerical Vigor, from the more eminent and gibbous z 
and trom the hoilow and Excavated parts thereof 3 tor the Needle natu.. 
rz!ly endcavours to confo;m unto the Meridian, but being detracted, is 
driven and diſtorted that way, where the greater and more powerful 
parts of tie Farth arc ſcituated. _ 

To this may be added, That tlic Variation proceedeth not only from 
Mme eminent rerreſtrial Knobs or Excrelcencies, which appear like to ma« 
1y Wens apon the face of the Earth, as alſo from many magnetical Veins 
+; the Earth, collaterally rc{pe&ting the Needle, bur likewile from the 
diffrent accumulation of the Earth, diſpoſed unto the Poles, lying under 
the Sca ang Waters 3 which affect che Needle with a greater or lefler va- 
riation, zcccrding to theV ;gor or Imporency of the Subterrancous Lines, 
or the entire or broken Nody of the Magnetical Fabrick wider it ; as it is 
bſervable from ſcycral Load: tones placed at thie bottcra of any Water , 
for a N;edle upon the ſurface, will variouſly conform it (clf, according to 
the vigor cr imbecility of the Loadſtones under it, 

The Globe of the Earth is known to be very uncvcn, and unequally 
mixed with many materials, diftcring trom a Magnetical quality, having 
great and ſtony Mountains, large Vallics, dcep Scas, long and high Con- 
tinents and Promontorics, with mighty ſcattered Rocks of L:ad-{tones, 
of Iron Mines, and other Magnemical matters, 
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And whereas it is manifeſtly apparent, that there's a certain 
Mutation or altcration of the V ariation ; I thall torbear 
to mention any thing of the probable C Z0njectures of the 
natural Cauſc thereof, bur leave it to the diſcuſſion of 
time, and ſhall here pretent you with moſt of the e publick 
Obſervations that have been m: ade ( of the Yariarion of 
the Comp aſs ] ncar the City or Lentton, {or acar theſe 
hundreds ycars laſt paſt. 
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Mr. Burrows his Obſervation of the Variation, made at 
Lime-houle, October the 15th, 1530, 


Betore Noon. At wnNoon, als 


Suns Alc.| Mag. Azim. | Sans Alc, j Mag. Azim, Variation, 
KD. 26 


Cr, min, | Gr, min, Gr. mi 41991 Gr. min, JT, 1nN1, IEC, 

_ p——— 
I7 QC F2 Z3 ans. 2 00- 'Ll $7 30 Mean 
38 oo| yo c8S 15 cof 27 45 |! 1x 2cfVariari- 
z9 ool 47 3c 19 oof 24 30 [1 39 ochnri* } 
30 ocol g5 CO $0 [003 as wt [63 22 311 » $041 
oo ©. Wi 22 008 Is 230 [or 20 zcl: ram che 
22 7 38 CC 22 OO) ng 39 It 15 oftNorth 
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Mr, (rTunter's Obſervations, made at Lime-houſe, 
June I3, Anno 1622. Afternoon, 


I ——  — _ —— > ——— — — — > — 
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; | ; 
Suns Al:, | Mag. Azim,; | Sun's Azim, Variation, 


| IE 


| 


EE —— 


Gr. min. | Gr, min. Gr. min, | Gr. min, 

19 C©oO | $2 O2 75  c2 6d 26 

bs og | 6 50 74 44 o6 ©c6 mn 

17 24 $5 oc 24 ©6 25 54 \ artation. 
Ry wy 0. 85 ”3 20 as $8 06 "p 
16 18 2 12 = ad | og 45. | Eaſtward, 
16 CO 27 50 © 8 27 

9 26 |} 34s -03 64 49 | 06 13 | 

Bo. 03. 1 ©--22 64 25 oF - an 
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$9 that 1t 15 here Obſerved, that in the Interval of che Obſervations 
made by Mr, Bxrrows and Mr. Gunter, 10 42 years,the evident Diminu- 
non hath heen 5 degrees, 


Mr. Gillibrand's Obſervations, made at Deptford, 
Anno 1634, Jute 12. before Noon. 


> - AS | An. | AwBn, | Varnt- 
| Vera, | Mag. Sol. ON» | 


Gr. min, | Gr. min. Gr. min, | Gr. min, 


| 44 45 | x06 ©O | 110 CG | ©4 ©6 

46 30 | 109 OO | II3 10, O04 109 
, 48 3x | 113 00 | 1217 or , 04 0O1 
| FO F4 | 11S 00 | 122 03 O4 ©} 
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In the Afternoon the ſame day, 


| 37 | 114 00 109 35, 04 07 
| 40 48 | t08 00 | x03 FO ' Og 130 
46 | IoF O© | 100 48 | O4 12 
36 43 | 102 09 | O97 FS O4 O4 

34 32 | O99 00 | ogy oo 


The mean of which Odſervarign 1s 04% 04 
Faltward, 


! Vera Alt, | Azim, | Azim. {| Variacion, 
Sol. Mag. S. -: 
Gr. min. | Gr. mim, | Gr. min. | Gr. min, | 


| 
$0 30} 2 IO TIP i26 O4 ©0| 
42 CI | 3x0 Oo | x06 of OJ 55 | 
39 <&© | 209 07 209 | 
38 42 | 108 oo | 1204 of " W.; 
T7 232 | 203 WO17 a» 428} 03 46] 
34 49 | 202 30 | o8 32i oz F8j 
zO& OO 07 OD © + 
32 47 | 200 0's 6s on! 03. £8] 
99 co | 94 58 04 
ws 34 05 OO 94 ©CO O4 OO, 
39 39 97 0 | 93 Ol Oz 59! 
29 29 95 30 gol JI O3 Fo! 
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The mean Variation 1s about 4* Eaſtward, _ 


Alt. Sol, | Azim. ” av Variatzon. 
| | | 
Vert. | | Mag. Sol. 
Gr. min, | Gr, min, : Gr. min. Gr. min. 


O4 ©O | 
32 10 O96 OO | O91 FF O04 Of | 
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Oblervations made by Mr. Gulibrand at Pauls Cray 
in Kent, July 4- 1634. Afternoon, 


_. —— — 
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So char here alſo may be noted, that the ſenitbic diminution of the Variation iy 
$4 years (from rhe time of Mr Burrows Obſervations) is [more than 7 degiees. 
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Obſervarions made by Jebn Seller, at the Hermitage near 
London, with a Quadrant of 6 foot Radius, for the Alti- 


tude : 


and an Inſtrument of two toot Radius tor the Ax: 


math, taken in the ycar, 1666. Lat, 51 deg. 32 min, 


Tune the 4th. 1666, in the Forenoon. 


Suns Alt, | Suns Aru. Mag. Azm | Variation. 
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26 09 | 84 36 b 62] 008 Ad | 


2 20 | 36 a6 OO O09 34 
Fune the 153th. 1666, in the Afternoon, 
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June the 14th, 1666, in the Forencon. 
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The mean of thcle Onere cations 1$ 3.4 minutes Weſterly, 
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May the 28th, i650, 1 in thc : Aftcrnoon, taken by the Wor- 
ſhipful, Sr. N:cholgas Millet, at his houſe at Batterſey, 
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Lhe Deſcription and wvIſe of the 
Azmuth Compaſs, 


His Compals doth derive its Name from its Ute, being principally 
6 & to find the CMagnetical Azimuth of the Sun, and js in ſeveral re- 
ſ>ccts like uno another Compaſs, only wich ſuch neceſſary rhings added 
25 are malt convenient for that purpoſe, 

Upon the round Box wherein are tte Fly and Necdlc, is faſtened a J 
broad circle of B-a(s, th2 one halt of the Limb th:rreof 1s divided into 90 | 
degrees, numbred from the middle of the ſaid divihons both wayes, with 'h 
10, 29, 32, &c, unto 45 degrees : Which degrees are alſo ſubdivided 
no minutes by Diagonal Lines, and by certain Excentrick Circles inter= 
{ccting one another : but theſe Degrees are drawn trom the oppoſite part bf 
of the Limb whercon the Index move. h and cutteth thoſe degrees in time » 
of Obſervation 3 and on this Index 1s crected a ſight, which for conve- (4 
niency 15 to fall down with an hinge, and to (et up upon occaſion ; and : 
tram the top of this Sight, down to the middle of the Index, 1s faſtened a 
thrid or lace ſtring , to ſhew the ſhadow of the Sun upon a Line that is 
01 the middle of the ſid Indet, 

And by this meanes of placing the Index upon the Cwcumfercnce, the 
the Degrees c5132 to be as large again as they would be if it moayed' upon 
the Cznter 3 the Trach hereof 1s evidencly demonſtrated in the third ; 
Book of Euclid, Prop, 25, Theor. 19. | 

This broad Circle 1s croflcd at right Angles with two ſtrings, and com. # 
monly from the termmarions of theſe ſtrings, are drawn four (mall black 
Imes on the inde ot the Box, tor the rectifying the Inſtrumenc in time 
ef Obſervation, by the tour Lines that are allo drawn at 11ght Angles on the. | 
Superficies of the Fly. ; : 

This Compaſs being thus fitted, 1s hung 1n ſtrong braſs Rings, and . 
thoſe alſo faſtened into a ſquare Wainlcor Box fit for char purpoſe ; which 
you may more plainly perczive an ctustollowmng Figure, 
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The ſe of the Azimuth Compaſs in time of Obſervation, 


Firſt, You muſt rc&ife the braſs Limb on the edge of the Box ( by 
the Needle and Fly within the Box ) according as the nature of the 
Obſervation doth require ; For 1t the Obſervation bein the Forenoon, 
then you muſt put the Center of the Index upon the Welt pozne of che 
Card or Fly within the Box ;z and fo that the four lines on the edge of 
che Card, and the four lines by the inſide of the Box, do alwayes con- 


CUT. 

The Inſtrument being thus rectified, turn the Index towards the Sun, t 
until the ſhadow of the Hypotbenuſel thread do fall directly into the very G 
thic of che fight that is on the Index, and allo upon a ſtrait Line that 1s in r 


the 


the middle of the Index ; then at the ſame time will the inner edge of che 
Index cut the degree and minutes of the Suns Magnetical Azimuth, from 
the North or South part of the Meridian, being judiciouſly conſidered, 


As for Example. 


Suppoſe the Inſtrument be reSihed as before is ſhewed, for an Obſer- 
vation in the forenoon, and that the Incex ſhould cut at ten degrees upon 
the Limb to che Northward of che Eaft, then is che Azimuth of che Sun 
80 degrees from che North part of the M:ridian, or clſe 100 degrees 
from the South part thereof. So likewiſe if che Ir:d:x had cur x0 degrees 
to the Southwards of the Eaſt, chca would the Azimuth be 89 degrees 
from the Souch, and 100 from the North pare of the Meridian, 

And hece alſo Obſerve, That the Compats ſtanding in this poſition, 
and if the Azirtuth of che Sun be cls than 45 deg. from the South part 
of the Meridian, and you curn the Index toward the Sun, it will then go6 
oft the divitions on the Limb, and there can be no uſe made thereot as 
it now ſtands, . 

Therefore you muſt ruxn the Juſtrument juſt one Qualrant, or quar- 
cer of the Compals, ( viz. ) place” the Center of the Index on the North 
or South point of the Card, according to the Suns poſition from you,and 
then the edge thercot will cur the degree of the Suns Azimuth, from the 
North or South part of the In{truncar, as before, That which is (aid as 
ro the uſe of the Azimuth Compals, when the Sun is on the Eaſt 
fide, the like is to be underſtood with the ſame reaſon, when he is on 
the Weſt fide of the Meridian. | 

And alſo note, That the Obſervations of the Suns Azimuth are beſt 
when the Sun 15 not very high above the Horizon, not exceeding 15 or 
20 degrees; which Obſervations, when they are ſo taken, arc the moſt 
true, becauſe the motion of the Sun, both to his Alticnde, as well as to 

his Azimuth, is more calily diſcovered. 


To take an Amplitude by the Azimuth Compatis. 


If the Amplicude be taken 1: the moraing ar the riſing ot the Sun, 
then you muſt curn the Center of the Index right over the Welt point 
of the Fly, and reQtife the Inſtrument by the Enmes wathin the Box, 9 
the Lines on the Fly, 

Then looking through the t134t, curn the Tydex towards the Sur, wine 

Ul til 
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till yo;r cut the Body of the Sun with the thread 3 at the ſame time will 
rhe edge of the Index. ſhew the degree of the Suiis Magnetical Ampli- 
tude, upon the Limb of che Inſtrument, tiom che Faſt,cicher Northerly, 
or Southerly. 

Bur if you take the Amplitude in the afterno02, at the ſetting of che 
Sun, then you muſt curn the Index over the Lalt poiut af che Fly, and 
p:o:ced as betore, | 

[{iving found the Magnetical Aztnuth or Amp!;tnde by che Compaſs, 
find the Sur's Azimuth by Problem 12, Chap, 7. aud the Suns Awplicuds 
by Problem $. Chap. *. 

" Then find the &:fference berwcen the Suns Azimurh or Amplicuds 
and the Magnerical Azimuth or. Amplitude, by Subltratting one from 
the o:her, 1 his D ference 15 the Variation of the Compaſs, And to know 
whe:her the. Variation be Faſterly or Welterly, oblecy: the following 
Rulcs, ; | Cl.” 

Rules for caſting the Variation, 


1, By the Obſervation of the Azimuth 


In the Forencon. 
1. If the Angie of the Suns Azimuth ( by Calculation ) from the 
N »>r:h part of the Meriatan, be greater than the Magnetical Azimuth, 
( by Odfervation ) then 1s the Variation Eaſterly, 
2. It che Avgie of the Suns Azimuth, frem the North part of tlie 
bicr: Gian, be ich than the Magnezical, then is the Variation Weſterly, 


I: the Afterymmn. 
3. If tye-Suns Azimuth, from the North pargof the Meridian, bs 
Crcarcr i Magnecical, then 1s tl.c Variation Weſterly, 
; 4 Tt the Suns Azimuth, trom the North part ot the NMegidian, be lcls 
than the Mazncrical, then 1s the Variation Ealterly, 


Example 1, 

Sunpoſe on the fourth of Tuxe 169, in the forenoon, ( the Suns De- 
cNnajion being 23? 227 North, in the North Lzctitude of $19 327) I let 
the Sun wt.h my Azimuth Compals, and fi1d his Magnetical Azimuth to 
be 86' 047 from the North, being 259 5&7 abvve the Horizon ; at the 
{a:ye time the Suns true Azimath by Calculation, is 84” 3c/ tromthe 
Nyrth part of the Meridian, | 


The 


t} 


I 
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The difterence of theſe Azimuths ( which is the Variation ) is 01* 34/ 5 


I demand which way the Compaſs varies ? 

Anſw, W.ſterly;becauſe that Obſervation being made in the forencon, 
and I find the Suns ctue Azimuth (trom the North pare of che Mc; iclian) 
co be lcſ5 than the Magierical, according to the ſecond Rule atoic. g2lg, 


Example 2, 


Admit that in the afternoon, at the ſame time that I find the $uns 
true Azimuth co be 1029 Oc/, I find his Magrecical to be 96” 097 trom 
the North, 

The difterence is 09* 004, I demand which w ax tn? Compaſs Vas 
ries? 

Azuſw, Weſterly 3 becauſe che Obſervation being made in the Afcer- 
noop, I find the Suns Azimuth from the North, to be greater than the 
Magnetical, according, to the third Rule, 

Note, Theſe four Rules for caſting the Variation, by Obervation of 
the Suns Azimuth, are as well practizable in South as in North Lati- 
tudes, the Suns Declination being ercker Noxtherly or Souche:ly. 


2, By the Obſervation of the Amplicude. 
At Sun-Riſing. 


1. If the Suns Amplitude be nearer to the North part of the Me- 
ridian than the Maguetical, then is the Variation Weſterly, 

2. If che Suns Amplitude be farther from the North part of the: Me. 
ridian than the Magnertical, then is the Variation Ealtcrly. 


At Sun-Setting, 
3. Ifthe Suns Amplicude be nearer to the North part of the Meridian 
than che Magnetical, then js the Variation Eaſterly, 
4, If che Suns Amplitude be farcher from the North part of the Me- 
ridian than the Magnetical, then 1s the Variation Weſterly, 
Example. 


Admit that by the Azimuth ar” 9 at Sun-ſ{c:ung, I find che Ng. 
Ul 2 neccel 
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nerical Amplitude to be 19 deg, oo min, and the Suns true Amplitude 
to be 24 deg, Co min. from the Welt Northerly ; I demand which way: 
the Compaſs Varies ? 

Anlw. F:itcrly ; becauſe by an Obſervation at Sun-ſetting, the Suns 
Amplicu2e is ncater to the North, than the Magnetical accorGing tothe 


tnrd Rule, 


Having, by the form:y Rules, found the Quantity and Qwality of the 
Variation, it yet remains there be ſome Dareflions for Rethifying the Comtſe, 


The manner that I thall here {ct down, is performed by a Compaſs. 
Card { having degrees on the Limb ) and a pair of Compaſſes, which 
thoygh it be mcchanica], ye: it's facile and demonſtrative, and in my Opi. 
niov, exact eneugh for Nautical Uſes, how ever any one may ulethe Pen 
uf he pleaſe, 

But beiore we deliver the Rule for Opcratioa, it will not be amiſc, 
for plainne's ſ:ke, to give theſe Cautions, 

I. That when a man dircaly breholds the North part of the Horizon, 
the Eaſt js on the 11ght-hand, and the Welt on his left 3 and therefore 
when the North po:nt of the Compals { and -ontcqueutly all the other 
points ) vary from the true North or Meridian to the Eaſtward,then the 
Vaiiation 15 reckoned to the right-hand 3 and for the fame reaſon, if the 
Variation be Weſterly, its accounted to the lefr. 

2. That inthe Uſe of the Compals-Card, you muſt alwayes obſerve, 
that you place the Courſe or Point on which you fitter right trom you, 
ſuppoſing the eye to be in the Center. of the Card, ducttly deholdug 
the Courle lying right betore you. 


The Rule, 


Take the quantiry. of the Variation in degrees, fromthe Limb of the 
Chard, between the Compaſſes, ( the Chard lying before you, as is di- 
rected ) placing one foot in the Rumb or Cowrle; if the Variation be 
Eaſterly,turn the other foot towards the Right-hand,buc it it be Wefter- 
Iv, to the left; the number of degrees in which the poiut of the Compals 
flayes, ſhews che true Courſe from the North or South, either Ea or 
Weſterly, the Quantity and Quality of the Variation being allowed, 


As for Example. 
I, Let the Magnetical Rumb, or Poiut of che Compals, be North- 


Ealt 


Eaſt, and the Variation 10 degrees Eaſterly, I demand the true 
Rumb ? 

The Card lying, as is directed, take the extent of 10 degrees, be- 
eween the Compaſles, and place it from the North-Eaſt towards the 11ght 
hand, becauſe the Variation is Eaſterly, that ſhews the true Courle to the 
North-Eaft 5 5 degrees, 

2. Let che Courſe, by the Compaſs be Weſt and by South (i.e. ) S. 
W. 7$deg. 45 min. and che Variation 10 degrees Eaſterly, as before, 
I demand the true Rumb ? 

Take the ex:ent of 10 degrees between your Compaſſes, and place it 


from W, and by S, towards the right hand, it ſhews the true Ramb w- 


be $S. W. $8 deg. 45 min. 

3. L:t the Magnetical Rumd be Weſt, and the Variation 10 deg, 
Eaiterly, I'demand the true Courſe? 

Take the extent of 10 degrees, as before, ſet it off fromthe Weſt to- 
wards the right hand, it gives the. true Rumb Norch- Veſt 80 degrecs 
OO minutes, 

4. Let the Magnetical Rumb» be N. N, W. the Variation 10 dey, 
Weſterly, I demand the true Rumd ? 

Take the extent of x0 deg. place it from the N, N.-W. towards the 
letr hand, becauſe the Variation 15 weſterly, it gives the true Rumb N. 
WW. 32 dep. 39 min, 

5. Let the Courſe, by the Compaſs, be Weſt,” the Variation 10 deg, 
Weſterly, I demand the true Courle ? 

Take the quantity of the Variation 10 degrees, place it from the Weſt 
towards the left hand, which thews the true Rumb co S. W: $0 degrees, 
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Sager IV. 


The Deſcription of the Univerſal Ring- 
"MW Dial, | 


of the Ring-Dial, I5t 


His I:.ftrumeur conſiſts chiefly of two Rings, cloſely ficting within 
 !x each other, and a Bridge, and is made either of Braſs or Silver. 

The outtermoſt Ring repreſents the Meridian of the Place, and on the 
torelide, has one of its upper Quadrants divided into 90 Degrees ; like- 
wiſe on the back-fide a Semi-curcle is divided into the bke number of 
degrees fromthe Hole or Center in the Circumference , on the Convexi- 
ty of this Ring 1s ficted a Nut ( with a Wyer Ring to it-) having a ſmall 
Line drawn 1n the middle of it- co remove to any of the degrees on the 
fore fide. 4 

The inner Ring, ( when they are open at Right Angles ) repreſents 
the Equinoctial Circle, on the inſide ot which 1s drawn a Line in very 
m:dft, and chereon are civided the hours into halves and quarters, and 
ae rembred with their proper (igures on the upper hide of this Ring, 

The Bridge repreſents the Az;zs of the World, in the midele whereof 
there 1s cut a lorgllit, on whoſe edges, vpon one fide, are placcd the 
Daycs ct il.e Month, on the ot er the degrees of the Suns Declination ; 
npon the Bridge is contrived a fhiding Nut, which directs a ſmall Plate 
moving within the flir; this Vlate is crefied with a fine diviſfienzard in the 
m.d(t theo! 15 dill 'd a (mall hole, 


The Uſe of the KRing-Dial,, 
To find the Hour of the Day, 


Place the hole chat is in the ſmall plate in the Biidge, to the day of 
the month, or the Suns D:chination, and ſet the Nut upon the Convext- 
ty of the Quter Ring, to the Ecgrecs of the places Latitude ( whether 
North. ly or Sou:hely ) on the forchde of the Ring; open the Rings 
to Right Anglcs, and then having your Initrument on your finger, turn 
the upper end of the Bridge towar-s c1:e elevated Pole, and place the Bat 
ſide of theBridge againſt the Sun,that his Rays may the better tranſpierce 
the lictie hole ; chen cura the Inflrumeit to the Sun, until the San-beams 
( by the little hole ) {all exactly upon the Line Erawn on the inſide of 


the Equinoctial or 1nner Ring, then 1s ſhewn the Haur of the Day cxaHt«. 


ly, according to the capacity of the Inſtrument. 
The &iv ding the degrees of the Suns Declination on the Biidge of 
his Inftrument ( winch I rurpotely omitted ) 1s Geometrically deſcribed 


! 


by che worthy Mr, Edward Wright, in lus Corrector of Errors, who, 1 


think, 


_ 


- 
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think was the firſt contriver of this Univerſal Dial, al:hough dificting 
from this here diſcourſed of, 


To find the Suns Alticude, 


To perform this, you muſt firſt ſer the Line in the midſt of che Nur, 
upon the outer Ring, to the beginning of the degrees on the forelice 
cf che ſame, then put a pin in che Center Hole, and hanging your D al 
upon your finger, turn the edgg of the outer Ring towards the Sun, fo 
as the ſhadow of the Pinmay fall upon the diviſions on the back-fide z 
the degree» cut by the ſhadow 1s the Suns Altitude. 


\ " 
Of the Uariation Compaſs, 


His Inftrument derives its name from its excellent uſe in Navigation, 
6 K becauſe it finds the variation of che Compals at any time when the 
Sun ſhines,Mmmediately by s»ſpelion on{y,without the trouble of any Cal- 
culation. 

This Compaſs hath a Card divided into 360 degrees, numbred from 
the North and South with 1c, 20, 30, &©&c. On the infide the Box 15 
drawn four black Lines z over two ot theſe Lines, on the outfide of the 
Box, is ficted a ſtrong Plate of Braſs with two Supporters, by which a 
Umverſal Ring Dial is faſtned to the Compaſs. Box ; this Ring Dial 
is the ſame with the laſt deſcribed, only much larger, and with this dil- 
ference, That whereas in; that, the apper Qsadrant was divided ; in this, 
the lower Quadrant is ſo divided, to rectific it to the Latitude of the place, 
by a Tooth procceding from the Bra's Plate on which it ſtands. 


SECT, 


Of the Uariation Compats, 
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To find the Variation by the Variation-Compaſs. 
—_ Put the hole in the Bridge to the day of the Moneth, and opening the 
Rings at Right. Angles, bring the Latitude of the Place to the Tooth upon M 
[yg þ thePlare ; then turn the Compaſs rowards the Sun, until you find the "1 


hour of the Day, according to che DireStions in the Uſe of the Ring-Dial, 
Thea caſt your Eye upon the North Point of the Needle, and if it cor 


N &p 
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cur with the black Line within the Box, there is no Variation ; but if jt 
ſwerve to the Eaſtward, the Variation is Eaſterly 3 if to the Weſtward, 

Weſterly ; and the degrees on the Chard cut. by the Black Line, ſhew 
the quan:ity of the Variation, 


E x ample. 


Suppoſc that my Compaſs being reRified to the Laticude of che Place, 
and fired according to directions, 1 find the hour of che Day, and at 
the ſame time 1 perceive the North Point of the Needle to [werve from 
the Black Line 10 degrees towards the Eaſt z Therefore I conclude the 


epetageens HER: Ty Ye ; 


LLC 


CHAP. 1X. 
Containing the Uſe of theſe Jnſtruments, 


The Creoſs-Staffe, the Quadrant, the Croſs -bow Qua- 
drant, the Plow, the Removing 2 #adrant ; likewiſe how 
to find the Latitude of a Place by the Meridian, Altitude 
and Declination ; and the Uſe of the Nefturnal and | 
Moon-Dial. 


pt — - 
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The Fignre of the Croſs-Staff, and the 
the manner of Obſervation, 


SECT 1 


The Deſcription and Uſe of the Croſs- 
Staff, | 
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This Inſtrument is of ſome Antiquity in Navigation, and is contmon. 
ly uſed ar Sea, to take the Altitude of the Sun or Stars, which it performs 
with ſufficient exa&tnehs, eſecially if ir be leſs than 60 degrees z bur if it 
exceed 60, it is not fo certain, by reaſon of che length of che Croſs, and 
the ſmallneſs of the graduarions on the Staft, 

The Ctaff is made ftreight, four-{quare, and commonly of Box or 
Pear<Tree, and graduated on the ſeveral Sides with degrees and mi. 
nures, 

The Croſſes, uſually four, are commonly made of the ſame Wood 
with the Staff, of a convenient breadch, and of length proportional to 
the Graduations, fitted to ſlide evenly upon the Scaft, wichour jog- 

ing. 

_ Gn one fide of the Staff, the Graduations begin about three degrees, 
and proceeding towards the Center, or eye-end,. encreale by every ten 
minares, to ten degrees, and this (ide is called che ten-fide, and che Croſs 
chereto belonging ( the ſhorteſt of rhe four) the ten-Crols, whole 
halt legath (if rightly maGe, and the S:aft cruly divided ) thal! reach 
on this lide from 10”, unto 9* 127, and his whole length from 109, to 
8* 214, 

On another fide of the Statt, the divitions begin at about ten degrees, 
and increaſe upward to 30 degrees; -thus 15 called the thirty. fide, and its 
Crols the thirty- Croſs, whoſe half length ſhould reach on this fide from 
thirty degrees to 23 deg, 52 min, and the whole length trom 30 deg, to 
19, Cez. 47 min, 

On another fide the Graduations begin abou: 20 deg. and encreaſe to- 
ward the eye-end of the Staff to 60 deg. this 15 named the fixty-fide, and 
the Crofs peculiar to this Side, is called chefixty-Croſs, whoſe half length 
ought to reach on this de from 60 deg, to 40 deg, 13 min. and the whole 
length trom 6o deg, to 30 deg, 

The remaining and fourth Side, hath the diviſions beginning ar 30 
deg. and increaſing upwards to go deg, from thence it 1s name@the 
nantye{ide, and his Croſs ( the longelt ) the ninty-Croſs, whoſe hall 
length muſt reach from go deg, to 53 deg. 07 min. or from the Center 
ot the Staff, to 90 deg. and the whole length from-go deg. to 36 deg. 
52 min, | 

Sometimes the ſeveral Sides of the Staff are numbred likewiſe with 
their Complements ro 9o deg. in ſmall figures, viz. at 90 deg. ſtand 
00”, againſt 80® 109, ar 70” ſtands 20% and ſo of the reſt. 

The Ulle of this is to take the Complement of the Alcicude,or Zenith 
diſtance from the Scaff, wichour Subltraction, = There 


— — — —— 
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There are two wayes pripcipally for the graduating a Croſs. Staff, one 
by Geometrical ProjeRion, the other by Arichmetical Calculation, I 
will give you an Example of the latter, Þy which you may divide any 
Staff, or at leaſt be able to examine one that is already graduated, 


Example of the ſixty Croſs. 


Suppoſe the length of the fixty Croſs to be 10 . 3 inches, and the half 
length 5 £, inches, I defire to know the diflance of 45* 3&/ from the 
Center of the Scatf proportional to this length of the Croſs, Take * of 
45* 30, thatis 22” 45%. 


The Proportion u, 


Co, Ar. 

As the Tangent of 22* 45” — 10,37742 

is to the: lengthot the Croſs 5 +. inches 0.70757 

{o 1s Radius mm — — 
tothe diſtancerequired 12, 16 inches —— — 1.08499 

This gives the diftance trom the Center of the Staff co the diviſion, re« 


preſenting 45 3&/, to be 12, 16 ( or,7) inches. 


Bur if you do purpoſe to Graduate a Staff, the more ready and expe- 
dite way, is to divide the half length of the Croſs into x00 or 1000 
equal parts, and taking only the Tangent Complement of halt che Angle 
required out of a Canon of natural Tangencs, gives the diltance re« 
quired, 


Example, 


Suppole, as betore, the ' length of the 6© Croſs, to 5, x inches, and 
1s required to know the diltance trom the Center, to 45* 3c/, 

The halt lengch of the Croſs being divided into 1000 equal parts, ( ar 
into as many as conveniency admits of, the reſt [upputated by eſtimation) 
look into the Tables ot natural Tangents, for the Tangent Complemeut of 
22 degrees 45 minutes ( the halt of 45 degrees 30 minutes ) and you 
will find 2384.72 ; then cutting off two figures towards the right hand, 
the remainder 23 84, {hews the number of equal parts ( whereof the 
half Croſs contains 1000 ) which muſt be taken, to ſer off the diſtance 
from the Center.to 45” 30', that i twice.the halt length of the Croſs, and 
384 parts more, 

Tie 
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The like you may perform for any other dggree, to every tenth or fifc" 
minute; or leſs, according as the Staff will admic of the diviſions, and as 
you ſec in the exumple of this Crols, fo the like may be performed for any 
Croſs of what length ſoever, 


The Uſe of the Crols-Staft. 


To take a forward Obſervation of the Suns Meridian 
Altitude at Sea, 


When you do intend to take the Aferidian Altitude at Sea, in refe- 
rence to the obtaining of the places Latitude, it is convenient that you be 
p-evaring your ſelffor your Obſervation, ſome competent time before 
noon, and conſider what che Suns greateſt Altitude may be that day; 
— to uſe thoſe Croſſes that may be moſt pertinent to your 
purpoſe, 

As ſuppoſe the Meridian Altitnde for that day ve judged to be 20 
degrees, then uſe the thirty fide of the Staff, and che thirty Croſs ; if you 
think 'twill be 30 degrees, then take the ſixty Croſs; but if it be 
eſtimate co excced both, then the ninty Croſs 1s moſt proper tor your 
uſe. 

There 1s another Requiſite fir to be underitood before you ptoceed to 
'Oblervation, and that is, how to place your tore-ſtaft co youre eye, to - 
prevent an error, mentioned by My, Wright in his Correft;on of Errors, 
ro avoid which, take theſe few hints. 

Firſt, Place the Center of che Staff at A, to the outhde of the Corner 
of your eye, as near your eye as conveniently you can, without hinder- 
ing your light, letting the end reſt upon your eye done, reſpecting, as it 
were, theeyes Center, and cauſe the viſual Rayes to concur with the 
middle parallels drawn on each fide of the Crols. Staff, and then is your 
Staft rightly placed for O'ſervation : but becauſe this is ſomewhat difh- 
cult plainly to be deſcribed, and perhaps that which is already ſaid, may 
not be to obvious to the Reader as I could wiſh it, I will there- 
fore give an eafie D:monſtration, which may be verifted by expe- 
ricncec, 

Having firſt of all ſatisfied your (clf in the truth of the diviſions on 
the Staff, and likewiſe of the exact length, and halt length of your 
Ctoſles, 


Croſfes, then put on the fix'y Croſs, and place it to 30 degrees, on his 
proper fide, and alſo (lip on the ninty Crofs parallel with the tormer, and 
put thatco 30 degrees likewiſe on his peculiar graduations, then bring 
the end of the Staft co the Corner of your eye (as 15 directed ) and re- 
move it ſomewhat higher or lowcr, until you ſee each end of the two 
Crofles at once exattly to concur and agree with the viſual Lines pro- 
ceeding from your eye ; that 1s the place of your Staft 1a time of Ob- 
{crvation, and may eafily be found by trequene rial, 

Having thus prepared for your Obſervation, and acquainted your 
ſelf wich the holding of your Inſtrumenr, being upon the Heck, turn 
your face rowards the Sun, and place your Staff to your eye, holding 
the Croſs as upright as you can, look at the upper-end of your Croſs, 
as at C for the Sun, and at che lower at B for the Horizon ; bur 
it che Sea obſcure the Horizon from your hght, then remove the Crols a 
lictle farther from your eye ; but it on the contrary your ſight do not cx- 
ecnd ſo low as the Horizon, but the Skie only appears in ſtead thereof, 
then move the Croſs a little nearer your eyc,until by the upper part there- 
of you ſee the Center of the Sun,and by the lower the Horizon exactly ar 
the ſame time, then look upon rhe proper ſide of the Statt (tor the Crois 
you uſe ) rhe Suns preſent Altitude will be cut by the (ame ; and this, tt 
it were for one iingle Obſeryation cither of the Sun or any Star, were 
luthcicnt, 

But the Suns greateſt Alcitude being that you are about to procure, 
you muſt therefore wait, making Obſervation as your judgement ſhall 
diret you, until the Sun be upon the Meridian, ſtill ſhding the Crols 
nearer your eye as the Sun riſes, until you perccive him to be at the high- 
eſt'; for ſo ſoon as the Sun is to the Weſtward of the Meridian, and 
falling, if you make Obſervation again, you will find the Sea to cÞ- 
ſcure the Horizon from your fight, and then in no caſe remove 
your Croſs, but lct it remain hxed, and finiſh your Obſervation for that 
leaſon, 

Then caſt your eye upon that fide of the Staff belonging to che Croſs 
you uſe, the degrees and minutes cut thereby, and yumbred with larger 
hgures (decreafing alwayes fromthe Center ot the Staff ) gives the Suns 
Meridional Alritude, and the ſmall figures underneath, the Complemeut 
of the Altitude or the Zenith diſtance. 

In obſerving torward by the Croſs-Scaff, 'is uſual ro have a piece of 
red Glaſs to defend the (light from the luſtre of the Sun in time of Obler= 


vation. 
['Twovld, 
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{*'Twould, in my opinion, be better to have the Glaſs fired ina piece 
of Braſs, and ſo to put upon the end of auy of che Croſles as occahion re- 
quires. Thus much for a forward Obſervation. ] 

After the ſame manner you mult oblery? the Alticude of the Stars, 


To make a backward Obſervation of the Suns Altitude 
by the Croſs-Staft, 


pa 

Theſ2 Obſervations are frequent at Seca, eſpecially wich the Hollan- 
der; Aud to perform this, you muſt have a Horizon Yane to fix upon 
the Center of your Staff, or elſe a fl:ding one, according to the Dutch 
faſhion, 

Likewiſe there is a Shooe of Braſs to fit on to the end of any of the 
Croſles, whoſe uſe is the ſame with che Horizon Vanc in the Quadrant, 
] will briefly ſhew the ule of theſe Contrivances, 

Having a Staff thus ficted, place the Horizon Vane upon the Center 
or eye-end of the Staff, and pur on a Crols ficteſt for your purpoſe, fix 
the Braſs Shoe ac the Lower end thereof, then turn your Back to the Sun, 
aud looking through the fight ( made by the Braſs Shove) on the end 
ot your Vane, elevate or depreſs the end of your Staff, until the ſhadow 
made by the upper end of the Croſs, tall upon the upper part of the 
ſight in the Horizon Vane, then look through that fight for the Hori- 
zon : Bur if the Sea obſcure the Horizon trom your fight, then remove 
your Croſs a little nearer to the Horizon Vane ; but it on the contrary, 
your ſight doth not extend fo low as the Horizon, but the Skie ww 
avpears in ſtead thereof, then remove the Croſs turther from the Ho- 
r120n Vane, tall you ſee the ſhadow fall upon his due place, and perceive 
the Horizon exactly at the ſam time, then have you the Sans preſent Al- 
ticude, 

If you obſerve for the Latitude, you muſt reiterate your Obſervation 
as betore, and when you perceive the Sun to be paſt the Meridian, 
defiſt 5 and concluding your Obſervacion , account your degrees and 
minures , either of the Alticude, or its Complement, as is before 
ſhown. 

If any defire to uſe the Staff in a backward Obſervation, after the 
Dutch faihion, the belt way is to have a Horizon Vane to flide evenly 
upon the Scaft, and then all the variety trom the tormer manner of Obſer- 
vation vill be this, i: | g Place 
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Place any of your Croſſes, that you intend to uſe, upon the Center of 
the Staff, turning the Nut inward, then (lide on your Horizou.. Vane 
with the Nut inwards, and fix on the Braſs Shooe to the tower end of 
your Croſs; then proceed with your Qbſervation, removing the Hori- 
zon-Vane as before you did the Croſs : and the degrees and minutes 
cut by the edge of the Horizon-Vane, upon the {ide peruliar to the 
Croſs you uſe, 1s the Suns Alcitude or Complement thereof, as yon 
reckon it in the greater or leſſer Figures, 


There is a ſecond contrivance of the Croſs-Scaff, which 
in ſome reſpe&ts is more convenient than the former, 


and is commanty uſed by our Countrymen, by 
ſome called the Jacob- Zcatt, 


This ſecond contrivance differs little from the former, the Steff being 
divided and hgured after the ſame oxder, only inſtead of che (everal 
Crofles in that already deſcribed, here is uſe made only of one Croſs or 
Tranſum, and two Vanes ſliding thereon. 

This Trankun 1s made four ſquare, and firted to fide upon the Scaff 
afrer the uſual manner ; the one kde of this Tranſun is crofled with fix 
ſhort Lines, the two neareſt co each other are diſtinguifhed wich the 
Figures 30, the next ewo with 60, the remoteſt with 90 ; There is a Ho= 
rizon ficred to this, much like that of che Quadrant. 


T he Uſe of this Inſtrument is briefly thus, 


The long Tranſum ſupplyes the place of the 35, 69, and 92 Croſics, 
by the help of the two Vanes ſliding thereon, As ſuppote you had oc- 
cahon to make ule of the thirty Croſs, then place the Vanes on the 
Tranſum to the divifions under 3G, and 30 on each 1:de of che Stat 
and then by removing your Tranſum to and tro, you may obſerve your 
Altitude by the edges of the two Vanes, after the ſame manner as you 
do with the thirty-Croſs, on the ordinary Crols-Staft. And the lame 
35 to he underitood of the reſt of che Crolles, fo that with this diſtinCtt. 
on la\t ored, this contrivance of the Croſs-Statt 15 as uletul as any 
other in all reſpects and varieties whatſoever ; Bedes, you are not here 
troubled 
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troubled to ſhift your Croſſes, in caſe your Altitude ſhould deceive-you, 
( which ſometimes happens) and may chance to be the occafion of 
loſing an Obſervation 3 bur in this In{trument the Crofles are ſuddenly 
alcered, only by removing the Vanes to your reſpe&ive diviſions, 

Note, That you may place either the upper or lower edge of the 
Vanes, to the Lines on the-Tranſum, as you tind moſt Convenient, pro- 
vided only that you Obſerve by the ſame edges, 


On — 


SSCXYT. I. 


The Deſcription and Uſe of the 
Quadrant. 


— 


HIS Quadrant is ofa very commodious Form and Contrivance, 

'T being ar prefent the beſt approved, and moſt general Inſtrument 

that is in Uſe for Obſerving the Suns Meridian Altitude at 
Sea, 

The Parts of this Inſtrument, are principally three Vanes, and two 

Arches, which Arches together contain go degrees, and give it there- 

fore the Denomination of a Quadrant. 
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f The Figure of the Znadrant, and mauner of Obſervation. 
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fhadow-Vane, and that through which you are to look for both ſhadow 
and Horizon, diftinguiſhed with C, 4s called the hght-Vane, 

Of the Arches. The leſſer, noted with d e, 1s named che fixty-Arch, 
becauſe ir uſually contains but 6o degrees z it is of a ſmall Radius, ad- 
viſedly fo contrived, for the more ap: placing of the Vane B thereon, 
that the ſhadow thereof falling upon che Horizon-Vane A, at this ſhort 
diſtance, might become the ſtronger, and the more perſpicuous to the eye 
of the Obſerver. 

This Arch is commonly divided bur to every degree, and numbred 
from the upper end of the Arch downwards to the Line of Partition 
( which is a Line drawn on the middle of the upper Leg of the 
QOzadrant, between the two Arches ) with g, 10, 15, &c. And this is 
the Complement of the Altitude ; ſometimes this Arch is figured wich 
the Alcitude, from the Line of Partition upwards towards the higher 
_ of the Arch, with 5, 10, 15, Oc. to 60 ; but this is nor frequently 
uſed. 

The greater Arch here denoted by the Letters f, g, is called the 
thirty-Arch; this Arch is of a large Radius, che beccer to be divided 
and ſubdivided into degrees and minutes, the Limb whereof is of a 
competent breadth, and thereon are uſually deſcribed ſeveral concentrick 
Circles, interſetted with Diagonal Lines, for the more facile and exact 
dividing the degrees into every tenth, fifth ( and ſometimes every ſe- 
cond) minute; and hereby the ſubdiviſions are conſpicuous, and may 
readily be computed by the Obſerver, 

Bur becauſe poſſibly this manner of diviſion may nor be underſtood by 

every one that has occaſion for this Inſtrument, for their ſakes therefore 
have annexed this following Figure. 
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This Figure is part of the Limb of this Arch, as "cis uſually drawn 
upon the Lumb of the Quadrant, each degree being ſubdivided into five 
minutes : upon the plain of this Arch are deſcribed fix Concentrick 
Circles, and are noted with the figures 1, 2, 3, 4, 5, 6. And in the li. 
mits of each degree arc drawn two Diagonals interſeting theſe Circles ; 
and thoſe Diagonals divide each degree into two parts, v4z- into 30 mint, 
and the Concencrick Circles ſubdivide each of theſe Diagonals repreſent. 
ing 30 minures into fix other parts, being five minutes a piece z there. 
fore the firſt interſeRion at 5, 15 five minutes; the ſecond at 10, is ten 
minutes ; the chird at 15, is fifteen minutes; the fourth at 2o, is twenty 
minutes ; the fifth at 25, is rwenty five minutes; the ſixth at 3O, 15 
thirty minutes. The firſt again ar 35, is 35 minutes; che ſecond at 40, 
40 minutes ; at 45, is 45 minutes z at FO, 1s FO minutes; at FF, is 
55 minutes; and at 60, 60 minutes, or x degree : And the like i to be 
underſtood of the reft, alwayes as they aſcend, encreahng 5 minutes, 

And take this for a general Rule, firſt count how many Concentrick 
Circles there are, which are uſually fix (and are to be computed as is here 
ſhown and noted by the figures at the end of this Scheme) then fee how 
many Diagonal Lines are drawn within the extent of each degree, which 
are commonly two, as in this Figure ( ſometimes for the more curious, 
there are five drawn within this limit ) chen mwulriply the _ of 
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Concentrick Circles, by the number of Diagonals in one degree, and by 
the Product divide 69 (che nugutes ina degree ) the Quotient (hall 
give you the Number of minutes, chat each mterſe&tion eucreaſes by, and 
15 more than the precedent, As ſupple the Concentrick Circles to be 
( as uſually ) fix, che Diagonals in each degree (which is rare) five ; then 
multiply fix by five, the product 1s 30, by which it you divide 60, the 

orient is 2 ; which ſhews chat che interſections encreate by cwo mi- 
Nures, the firſt repreſenting 2 minutes, and ſo 4, 6, 8 minutes, @&c, to 
5 8 and 60 minutes, or 1 degree; and then x deg, 2 min, x deg, 4 min, 
x deg, 6, min. &c, and the like 15 to be underſtood of the reſt, 


The Uſe of the Quadrant. 


This Inſt: ment is ſcldom uſed upon any other accafion, than to ob. 
ſerve the Suns Meridian Altitude, whuih to perform, we will briefly 
deſcribe. 

Firſt, put the Horizon-Vane on the end of the Quadrant at A, and 
then -the fight-Vanc upon the thirty-Arch 1 the precedent Figure, 
And laſtly, The upper edge of the Shadow-Vane upon the ſixty-Arch to 
a certain number of degrees moſt proper tor your preſent Obſervation ; 
which readily co perform, rake this Caution, 

Conſider what will be the Complement of the Mcridian Altitude that 
day, then place the ſhadow-Vane ſo, that the Degrees cut by the upper 
edge of the Vane, be alwayes leſs by 10 or 15 deg. than you judge the 
Complement of che Suns Meridian Altitude will be that day in the place 
of Ooſervation, 

For inſtance, .Suppoſe that the greatc{t Altitude of the Sun, for the 
time,in the place of Obſervation, be cltimatcd to be 45 deg. the Compl. 
i545 deg, then place che Shadow-Vane at 30 or 35 degrees, which are 
proper tor ycur preſent Obſervation, 

Having thus prepared your Inſtrument,8& being ready upon the Deck, 
:urn your back towards the Sun, and holding the Grate as upright 
a$ you can, place the fight-Vane to your eye, and Tooking through the 
Sight,bring the ſhadow of the upper edge of the Shade- Vane, to fall up- 
on the upper part of che ſlit, or open fight in the Horizon. Vane, and ac 
the ſame ume look through the ſaid (lit-for the Herizonz and if the Sea 
obſcure the Horizon trom your fhght, then ſlide your fight. Vane a lictle 
Layer down towards f, but zf on the gontrary your ſight doth not ex- 

tend 
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tend {o low as the Horizon, bur if the Skie only preſents it {elf to you? 
eye, then remove your ſight. Vane a litcle higher towards g, then make 
Obſervation again, continuing to move your fight-Vane higher or lower 
according to theſe direions, until looking through the fight-Vane, the 
ſhadow fall upon his due place, and thar ar the ſame time you exaGtly (ce 
the Horizon through the f13ht in the Horizon. Vane, then have you the 
Suns preſent: Altitude. but it” being the Metidian or greateſt Alti- 
tude that you are to Obſerve, you muſt therefore continue to make Ob- 

{ervations as often you ſhall think fi: ( bur eſpecially you are to trend 

your Obſervation when you perceive the Sun almoſt upon the Meridian ) 

uutil the Sun be co the Weſtward of the Meridian, and to be leſſening hus 

Alcitude; for then if you make Odſervation, 'the Sky will be ſeen, and 

not the Horizon; and in this caſe you muſt not alter your Vanes, bur 

letting them ſtand, conclude your Obſervation for that ſeaſon : then caſt 

Your eye upon the chirty-Arch, and ſee how many degrees and minutes 

are cut by the inſide of the {1ght-Vane, and thereto add the degrecs at the 

upper edge of your ſhadow-Vane, the Sum is the Complement of the 

Alcitude, or the Suns diſtance from the Zenith, 

Note, The ſmall Arch in ſome Quadrants contains 70 degrees, and 
the greater 20 degrees, whoſe ſum is 90, Theſe Arches are numbred and 
divided like the former ; and it that be well underſtood, this will noc 
ſeem obſcure, and therefore it is needlels co ſay any more of this Altera« 
tion. 

The manner of working, your Obſervations of- the Meridian Altitude 
of the Sun, taken by this Inſtrument, ſhall be largely ſhewa in the gene- 
ral Rules for that purpoſe, 


SECT, III. 


The Deſcription and Uſe of the Croſs- 
2WBow-MNuadzant, 


This Inftrument is of good uſe in Navigation, not only for Obtervati- 
on, but in regard of the Portability of it, lying 1n a little room, which is 
oftentimes a great conveniency in ſome Ships eſpecially 3 ic bears the 
narnc. 
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name of a Croſs-Bow Quadrant, becauſe of its reſemblance to a Crols- 
Bow. ; 
This Inſtrument contains a graduated Arch, a Staft, and three Vanes, 


The Fignre of the Croſs-Bow Quadrant, 


The graduated Arch, is a Quadrant, or contains 90 degrees, and is 
numbred from the ends both wayes with 10, 20, &c, to 45 degrees 
in the middle of the Arch, 

In the middle of this Arch is made a Shaft and Socket, to contain a 
Saff ficted chereto, to put in for Obſervation, and remove at pleaſure z 
_ Staff when placed in the Socket, is the Radius of the Arch or Qua- 

rant, 


The Vanes are, the Horizon-V axe, the Shadow-V anc, and the Sight - 
Vanegas in the Quadrant. 


The Uſe of the Crdſs-Bow Qnadrant. 


This Inſtrament is Chiefly co obſerve the Suns Altitude, which you 
mult chus perform, 


Firſt, Put on the Horizon-Vane on the end of the Staff, chen place the 
Shadow -Vane upon the upper part of the Arch, to ſome certain degree ; 
| | | an 
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and laſtly, put on the Sight-Vane on the lower part of the Arch; thus 
your Bow is fitted for Obſervation, 

Then Rtanding with your back rowards the Sun, take the handle of 
the Bow in your hand, holding che Inſtrument as upright as you can,then 
bring your ſight- Vane to your eye, and look through your Sight to your 
Horizon- Vane, holding your Bow ſo,as that the upper part of the ſhade 
( of your ſhadow- Vane) may lie upon the upper edge of the (lic of your 
Hor1zon- Vane, 

At the ſame time you muſt look through the Horizon-Vanezand if you 
cannot ſee it, but do ſee all Sky and no Water, you mult ſlide your fight- 
Vane a little higher towards C, bur if on the contrary, you ſee all Water 
and no Sky, then put your Sight- Vane a little lower towards B ; then 
make Obſervation again, removing the ſight-Vane, un] you ſee the up- 
per part of the Shade to fall upon the upper par: of che ſlit; and likewiſe 
{ce the Horizon at the ſame cine through the Horizon-Vane, then have 
you the true Altitude ot the Sun at that time; bur if your Obſervation 
be to find the Meridian Alcitude of the Sun, then you mnſt wait, and 
make Obſervation in the ſame manner as often as you think fir, until you 
have obtained his greateſt Altitude, and char you perceive the Sun to be 
to the Weſtward of the Meridian, then 1s he fallen ; and if you make 
Obſervation the Sky will only appear and not the Horizon, thercfore let 
your Vanes ſtand upon the Arch, and finith your Obſervation tor chat 
time, 

Then look upon che lower part of the Arch, and ſee what degrees 
and minutes ſtand agaiuſt your G6ght-Vane, and hikew1fe what degrees do 
ſtand againſt the upper edge of your Shadow-Vanc, add them together, 
and the Suin 1s the Complement of the Altitude, or the diſtance tio.n 
the Zenith, | 

This Inftrument may alſo conveniently be uſed to make a forward Ob- 
ſervation of the Altitude of the Sun or Stars, by removing the Horrzon- 
Vane, and placing the Center of the Staft ro your eye, aticr the manner 
ofthe Croſs-Saff, the Vanes ſupplying hewant of Crolles, by hxing on? 
Vane to a certain number ot Degrees, and retoving the other upwards 
or dowawards according to the Altitude to be obſerved, The uu of the 
degrees is the Compl, of the Alritude. 

The manner of working the Obſeryations by this Iuttrument, 1: here- 
afcer inſerted 1n the general Rules tor that purple, 
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SECT, IV. 


The Deſcription and Uſe of the Plow, 
The Deſcription of the Plow, 


This Inſtrument was antiently in uſz amongſt Mariners, alchough at 
this day it is not ſo commonly uſed as formerly ; it conſiſts of a Staff ha- 
v:ng a {mall Arch, and three Vanes. 


The Fignre of the Plow, 


The Staff is about two- foot and a half long, or three foot at the moſt ; 
at the Center-end of which is erected a ſmall Arch, that is divided into 
$5 degrees ; on the ſide of the Staff are fer off the Graduations proper 
to the Plow , beginning at 5 or 6 degrees, and encreafing to 10 


degrees towards the Arch , every degree being divided into fingle 


minuces. 
The Vanes are 2 Horizon, as A, and Sbadow-Vane as B, (to be uſed 


as in the Quadrant ) and a Sight-Vane moving upon the Staff, as at x 


LICE 


The Uſe of the Plow, 


This Inſtrument is contrived for a backward Ovfervation of che Suns 
Alcicude after the manner of the Quadrant, therefore fit on your Hort. 
zon-Vane, and place the Shadow-V ane to a certain number of degrees, {o 
that they may not exceed the Suns greateſt Alcitude like co be at che time 
of Obſervation, but be alwayes ſomewhat leſs, yer nor ſo much leſs as 
that the difterence be above 10 degrees, for in both theſe caſes the divitt- 
ons on the Staff prove uſeleſs; then pur the Sight-Vane upon che Staff, 
and bring che Shade ot the upper part of the Vane, to che upper part of 
the ſlit in che Horizon-Vane, and look for the Horizon ; but if in fea 
thereof you ſec all Water,then remove the Sight-Vane towards the Arc!: ; 
bur if on the contrary you ſee all Sky, and no Water, then move the 
Vane towards the beginning of the diviſions ; and chis you muſt reite= 
rate, till che Shadow falling upon this true place, you ſee the Horizon ex= 
atly by the ſlit in the Horizon- Vane, at the ſame time you have the Suns 
preſent Altitude ; and if it be an Obſervation for the Latitude, then this 
laſt work muſt be repeated as often as you think fic, as inthe ule of che 
foregoing Inſtrument is already declared ; The ſum of the degrees on the 
Arch and on the Staff, is the Suns Meridian Altitude. 

Sometimes upon the ſpare ſides of the Staff belonging to the Plow, are 
divided the degrees and minutes proper to the Crols-Staff ; and three 
Vanes or Crofles are accordingly fitted, whoſe ule is in all relpects the 
ſame with the Crols. Staff, placing the end of the Plow where the Arch 
ſtands to your eyc, and putting the Vanes ( laſt deſcribed ) on to the 
Staff ( croſs.wayes to the Arch) and turn the ſaid Arch from your 
eye, that it may not hinder your Obſervation. What elſe might be ſaid co 
the Liſe of the Plow thus fitted, is already declared in the uſe of the 
Crols. Staff. 

There is yet a further improvement of the Plow, whereby , 1t 1s con- 
trived co ſupply the place of two other Inſtruments, Þetide its own partt- 
cular uſe, yz, the Croſs-StaF and the Quadrant, without inconveniency 
or incumbrance, 

To accomplith this, there.is a long Tranſum, E, F, D, four-lquare, 
firted to lide upon the Saft of the Plow ; upon the out-tide ot this 
Tranſum, are drawn ſeven crols lines, fix of which are noted with the 
figures 30,'60, and 90, and one with the word are ; upon the longer 
( which is the lower ) part of this Trauſum are drawn {cveral divitons, 
numbred with 5, 10, &c and proceeding to 20 Cegrees up wards 

L 2 towards 
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towards the Staff ; likewiſe there 1s a ſight-Vane, as E ( like that ofthe 
Quadrant ) fitced ro ſlide npon this Tranſum ; rhe {pare tides of the Staff 
a:e divided into degrees and minutes, atter the manner of the Crois. 
Stafft. The Uſe briefly follows, | 


I, To uſe ut as a Plow. 


Place the Horizon and Sh:adow-Vane as tefore, then fliding on the 
Lng Tranſum, with the Nur inward, towardsthe Arch place the fight. 
Vane D, to the Line under che word Fare, on the ſaid Tranſum, and 
then the uſe of ic is the ſame with the Plow tormetly deſcribed, 


2, To Uſe it as a Quadrant, 


The Horizon and Shadow-V anc, {tanding as before, and likewiſe the 
lng Travſum with the Nur inwards, place the {(a1d Tranſum to the letrer 
Q ( on the ſide whereon the Graduations of the Plow itand) then bring 
the fight-Vane to your eye, and remove the ſame higher or lower upon 
the Tranſum, uncil the ſhadow falling upon the upper part of the open 
S$1ght in the Horizon-Vane, you ſee the Horizon ar the ſame time, then 
have you the Altitude, which is thus to be computed upon this Inſtru-. 
ment, Caſt your cyc upon the Tranſum, fee what degrees and minutes 
are cut by the fight-Vane, to which add the degrees at the upper edge of 
the Shadow-Vane, ( uſing thoſe diviſions figured with 5, 10, ec. at the 
upper end of the Arch, to 85 at the lower end ) the ſum 15 the Comple. 
ment of the Altitude, or the Suns diſtance from the Zenith, 


3. To uſe it as a Jacobs-Staff, 


The Tranſum being on the Staff with the Nut inwards, remove the 
Shadow- Vane and place it on the upper part ot the Tranſum on the oye. 
fide, as the Sght-Vane ſtands; take off the Horizon Vane, place that 
end to your eye, turning the Arch downwards ( which Arch does gflift 
you in the holding your Inſtrument, and not at all hinder your Obſerva- 
tion ) and then the uſe hereof 1s the {ame with the Jacobs-Staff already 
deſcribed. The working your Obſervations ſhall be ſhewn 1 che ge- 


neral Rules, 
SECT. 
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SET. 


The Deſcription and Uſe ofan Jnfru:ment 
foz Obſervation and Overation, called 
th? Removing Quadzant. 


The Deſcription of the Removing Zuadrant. 


This 15 a uietul Inſtrument in Navigation, and is convenient for ſtow- 
agc ina Chelt, being it 15 to take 1n pieces; 1t beareth its Name from the 
manner of its Llſe, one Leg thereoffbeing to be removed in Obſervation, 

The parts of it are firſt ewo pieces with a braſs joynt like a joynt Rule, 
and will cloſe rogerher 3 and in the Center is a hole tor the putting 'n the 
end of an Horizon-Vanc, marxed with A, 

There 1s alſo a great Arch marked withd, e, containing a Quadrant, 
or 90 degrees, divided into minutes by D.agonal Lines, being above an 
inch in breadch commonly, And allo there is divided on the ſame Arch, 
the eight points of the Compals, with their halyes and quarters. 

Oue end of this Arch is faſtened into one of the pieces with a braſs pin 
to take in and out at Pleaſure 3 on eachof theſe pieces is a Vane; one a 
Shadow. Vane noted with C, and the other a {ight- Vane denoted byB 
the Shadow-Vane 15 on that hide where the Arch is put in and faſtened, 
and is to move up and down that (ide ac pleaſure,for che berter and ſharp- 
er ſtriking the ſhadow upon the Hori1zon-Vane ;z; the other fide moyech 
upon the Arch, aud on the end of this fide 1s-put che Sight- Vane. 

This Inſtrument is principally for a backward, but is alſo capable of a 
forward Obſervation ; The dcgrecs are nummbred both wayes, and the 
Obſervation taken by this Inſtrumeur 18 acconnted without trouble ; for 
the degrees intercepted between che rwo containing f(ides, 1s the Altuude 
of the Sun, and the degrees containcd trom the fight-Vane to the lower. 
end of the Arch, is alwayes che Complement of the Suns Altitude being 
taken either forward or backward, 

This Inſtrument doth likewiſe plainly and more exactly perform the 
work of the Sinical Quadrant in * ra Fa and relolyeth any queſtion 
in any right-avgled Triangle, For 
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For the performonce of this work, the two pieces or legs are divided 
into 6o, and ſometimes into an hundred equal parts, which you may call 
Leagues or Miles in che ſolving any Naurical Queſtion ; and there is allo 
a long Index that is to have the ſame divifions on it, as on the legs ; and 
this Index is made to move truly up and down upon the Leg according to 
the nature of the Queſtion, but alwayes to ſtand at right-Anglcs there- 
with ; the ſeycral Uſes follow, and firſt for Obſervation, 


The Fignre of the Removing Quadrant. 
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To take a Backward Obſervation of the Sun, 
with the Removing Quadrant. 
For the performance thereof, you muſt firſt put the Horizon- Vane into 


the Center hole, where it is turned round, {o that you may turn the ſigh: 


as 
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a5 open and as cloſe as you will your ſelf, fo alſo that the Horizon. Vane 
may receive the ſhadow from the ſhadow-Vane ; next you muſt put on 
the two other Vanes, the ſhadow-Vane and the fight-Vane , the ſhadow- 


ded 
call 
allo 


| 
| 


and Vane may be put any where upon the Leg, where the Arch is put in ard 
gt BY madefaſt,then you myſt pur in the Arch into that Leg which is the ſtand- 
re BY ing part, and pin it in, and alſo put the Arch through the other Leg, to 


7 moye up and down in time of Obſervation , on which Leg withour 
* the Arch, mult be pur on the fght-Vane; being chus fitted, 1t is ready 
Ih E for Obſervation. 

y Therefore turn your back towards the Sun (inthe ſame manner as you 
S obſerve with the Quadrant) and place the Inſtrument with the fight. 
* Vaneto your eye, and the Horizon. Vane towards the Horizon, and the 
Z ſhadow-Vane uppermoſt, then open the Legs wider and wider, until you 
ſee the ſhadow of the Sun to fall upon the Horizon. Vane, ( as in the 
| Quadrant before mencioned) z at the ſame time when you ſee the Horizon 
* through the Horizon-ſight, then you have the Alticude of the Sun cut by 
2 the infide of the movable piece, reckoned from the fixed Leg, and the 
©} Complement of the Alcitude reckoned from the faid inſide of the Leg, to. 

* ward the lower end of the Arch, 


To take a forward Obſervation by the Removing - 
Quadrant, 


This work 15 but the converſe of the former, for if you at the ſame time 

' take out the Horizon-Vane, and pur the Center of the hole as near the 

' Center of your eye as you can and turn your face to the Sun, and letting 

| the upper edge of the ſhadow-Vane cut the Sun,and the inner edge of the 

| light-Vane cut theHorizon,theAngle will be the ſame as before, the diſtance 

of the edge of the fight Vane, to the inner edge of the removing fide only 

excepred, which may be thus allowed z Take the diſtance trom che inſide 

of che Leg to the inner edge of the fight- Vane, that diſtance meaſured on 

the Arch, gives the quantity in degrees and minutes, to be ſ{ubſtracted 

, -» fromthe Alcicude, or added to the Complement of the Altitude found 

Ul, Þ by Obſervation; only note, that in a forward Obſervation you place the 
kpht-Vane cloſe to the Arch, | 


» 1nt0 


The 
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The Uſe of the Removing Quadrant in Operation, /1:w- 
ing the Reſolution of the uſual Problems in 
Plain Sails, 6 


Courſe and diſtance being girvenzto find the diference of Latitude, and tht 
departure fromthe CM eridzan ? 


Courſe the 6ch Rhumb, diſtance x00 Leagues, 


For the ſolving of this Queſtion by the removing Quadrant, you muſt 
proceed thus, 

Firſt, Set the inſide of the moveable Leg tothe Courſe given jn the 
6th Rumb, ( which you will find upon the Arch of the Quadrant ) then 
upon the ſaid Leg look out 100 Leagues, ſer the Index thereunto, keey- 
ing it with your hand cloſe to the ſtanding part, that the Index may be 
at right Angles therewith z then where the edge of the Index 1s cuc by 
the infide of the moveable Leg, your will find 92 Leagues, and .,* the de. 
parture trom the Meridian. . 

And upon the other fixed Leg, you will find cut by the Index 28 
Leagues, and .,: the difference of Latitude, ; 


Courſe and difference of Latitude bring grven, to find the diſtance ard 
departare ? 


Courſe 6th Rumb, difference of Laticude 38 Leagues , *. 


To perform this, ſet the movable Leg to the Courle, ( reckoned ſrgn 
the fixed Leg ) and there keep it faſt ( by turaing the Skrew on the un- 
der fide thereof ) then remove the Index upon the fixed Leg, to the d1i/- 
ference of Latitude 38 Leagues 3; and the edge of the Index (hall cut 
upon the movable Leg the diſtance run 100 Leagues z and upon the lu- 
dex ſhall be cut the departure from the Meridian 92 44 Leagues. 


Conrſe and departure from the Meridian being given, to find the diſtance | 
yan, and the difference of Latitude ? 


Courſe 6h Rhumb, departure 92 +3 Leagues. 
For 
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For the working this Queſtion, you muſt ſer the moveable Leg to the 
Courſe given ( 6th Rhumb ) from the fixed Leg, and chere keep ir fait, 
until by moving the Index to and fro on the fixed Leg,the departure from 
the Meridian be found upon the Index, where it doth juſt couch the in- 
fide of the moveable Leg ; then on the fixed Leg the Index will cut 38 
Leagues .:, the diffeFice of Latitude; and on the movable Leg you 
{hall find ct by the Index, 100 Leagues,the diſtance run, 


The diſtance run, and the difference of Latitude being grven, to fird the 


Courſe and departure from the Meridian ? 
Diſtance run 52,3 Leagues, difference of Laticude 20 Leagues. 


To work this Queſtion by ahe Removing Quadrant, ſet the Index to 
the difference of Latitude, upon the fixed Leg 20 Leagues, and there 
keep it faſt, and then ſeek our the diſtance run upon the movable Leg 
52 ;\, Leagues, and put that very point to the edge of the Index, and 
there will be cut upon the Index 48 ,3 Leagues, the departure from the 
Meridian ; and upon the Arch you will find cut, by che intide of the Leg, 
the fixth Rhomb, or 67 degrees 30 minutes, T 


The Diſtance and Departure being given, to find the Courſe and 
differexce of Latitude ? 


Diſtance 108 Leagues, Departure 90 Leagues, ' 


To reſolve this Quettion by the Removing Quadrant, find out the 
diltance the Ship. hath run upon the moveable Leg, and then hind our 
the departure upon the Index, which point is to be let to the diſtance 
tound on the movable Leg, as the Index ſtands at right Angles with the 
fixed Leg; being in this poſition, the edge of the Index thall cu: 
the difference of Latitude 60 Leagues upon the fixed Leg ; and all» 
'x the fame time 1s cur by te intide ot the moveable Leg ( upoa the 
\rch) the Coarſc, the fitth Rhomb from the Meridian, or 56 de- 
I5 Minutes 
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The difference of Latitude, andthe Deparinre from the Meridian being 
given, to find the (, onrſe and Diſtance ? 


Difference of Latitude 60 Leagues ( or 3 ge) Departure 90 
Leagues. 


To anſwer this Queſtion hy the removing Quadrant , ſeek the differ- 
ence of Latitude 60 Leagues on the fixed Leg, and thereto ſer the edge of 
the Index, ard then fiad out che departure go Leagues on the Index, 
unto which point ſet the moveable Leg , and on the diviſions thereof, 
by the edge of the Index, will be cur the diſtance run 108 Leagues, 
and upon the Arch will be tound the Courle , the fitth Rhumb from che 
Meridian. 


To know hiw many Leagues you are to Satl upon any 
Point of the Compaſs, to alter one degree of Latuude 
by the Removing Quadrant. 


To perform this, you muſt ſet the edge of the Index to 20 Leagues on 
the fixed Leg, and chen placing of the inhde of the moyable Leg unto 
the firſt Rhcmb from the Meridian, you will find cut the Index upon the 
movable Leg ( which alwayes repreſents the diſtance run) ; the number 
of Leagues which you are to run upon that point of the Compaſls to raiſe 
one degree of Latitude, wiz. 20 Leagues, x Milez and on the ſecond 
Rhomb you will fiad it to be 2x Leagues 2 Miles; and on the Third 
Rhomb 24 Leagues; and on fourth Rhomb 28 Leagues x Mile z and 
on the fiith Rhomb 36 Leagues ; and on the fixth Rhomb 52 Leagues 1 
Mile z and on the ſeventh Rhomb 102 Leagues x Mile, 

The Departure from the Meridian 1s allo given upon the edge of the 
Index at h interſe&tion thereof, with the movable Leg, atevery re- 
moving to the ſeveral Rhombs ; as on the firſt Rhomb you will find it to 
be 4 Leagues ; on the ſecond Rhomb 8 Leagues 1 Mile ; on the third 
Rhomb 1 3 Leagues 1 Mile z onthe fourth Rhomb 20 Leagues ; and on 
the fifth Rhomb the departure is 30 Leagues z and on the fixth Rhomb it 
will be 4.8 Leagues x Mile z on the ſeventh Rhomb you will find the de- 
parture to be 100 Leagues x Mile, | 

| To 


y 
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To know how many mules anſwer to one degree of 
Longitude in any Latitude , by the 
Removing Quadrant. 


For the performance hereof, you muſt ſer the inſide of the movable 
Leg to the Latitude of the place found upon the Limb, reckoned from che 
fixed Leg, then removing the Index up and down on the fixed Leg ( at 
right Angles with it ) until the edge of the Index doth cut 60 Miles on 
the moveable Leg ; at that time you may ſee how many Miles is cut by 
the edge of the Index on the fixed Leg, and thoſe are the quantity of 
Miles anſwering to one degree of Longitude in that Laticude, 


E xample. 


For the Latitude of 5x degrees 30 minutes, I demand how many 
Miles anſwer to one degree of Longitude ? 

Therefore I firſt ſet the inſide of the moveable Leg, to the Latirude of 
F1* 3% tound on the Arch, counted from the fixed Leg ; then flide the 
Index upon the fixed Leg, umtil the edge thereof doth interſect 60 on the 
roveable Leg ; then on the fixed Leg you will find cut by the edge of the 
[ndex 37 ;3 Miles ſhewing that in the Latitude of 5 1* 3<#, there muſt 
xc 37 ,2 Miles 3 to one degree of Longitude, 


— I=> a 
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: SECT, VI. 


Rules for finding the Latitude of the Place, by Ob- 
ſervations of the Suns Meridian Altitude, or Ze- 
nith Diſtance, by help of the Table of the 


Suns Declination. 


BeEav's 'tis common to work the Obſervations of the Sun, taken by 
the Quadrant, and other Inſtruments (now in uſe) by the Com. 
plement of che Meridian Alticude, or the Suns diſtance from the Zenich, 
I ſhall therefore give Rules, Illuſtrated with Examples, for that purpoſe, 


Rule 1. 


Tf the Sun come to the Meridian in the South, and have South Decli. 
nation, Subtract the Declination from the Complement of the Meridi- 
an Altitude, the remainder is the Latitude of the Place of Obſerva- 
tion Northerly : but if the Declination exceed the Zenith diſtance, then 
ſubſtract it from the Declination,the remaiuder is the Latitude Southerly, 


Example 1. 


Admit you are at Sca, and the Sun being _ the Meridian in the 
South, is 37 deg. 30 min, diſtant from the Zenith, and at the ſame time 
hath x2 deg. co min. South Declination z I demand the Latitude of 
the place ? 
The Operation. 
Complement of the Meridian Altitude — - 37* 3& 
The Suns Declination, South, ſubſtract ———— 12 0 


The Laticude of the place, 15 30 North, 
Example 


ple 


Example, 2 
Admit, being art Sea, the Sun being on the South. part of the Meridi- 
an is 10 degrees diſtant from the Zenith, and the Declination 29 degrees 
30 minutes South ; I demand the Latitude of the place ? 


The Operation. 


The Suns Declination —— - 20* 3c/ 
The diſtance from the Zenith ſubtrat Io ©O0 


—— 


10 30 South, 


The Latitude 


Rule. 2, 


If the Sun be on the Meridian in the South, and have North Declinas 
tion, then add the declination to the Zenith diſtance, the Sum is the La- 


ticude Northerly, 
Example. 


Admit a Ship at Sea, and the Sun on the South part of the Meridian 
30 degrees 30 miuutes from the Zenich, and that the Declinacion. is 15 
degrees 30 minutes North, I demand the Latitude ? 


The Operation, 
| The Complement of the Altitude or Zenith-diſtance is 30* 3c/ 
The Declination added I5 30 
The Latitude —— —— ———— 46* oc North. 


Kale 3}, 


If the Sun be on the Meridian in the North, and have North Declinati- 
on, then ſubſtract the Co-altitude or Zenith. diſtance from the Declina. 
tion, the remainder is the Latitude Northerly ; Bur if che Co-alcicude 
exceeds the Declination, then ſubſtra& the Declination therefrom, the 
remainder is the Latitude Southerly, 

Example 
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Example 1. 


Suppoſe the Declination were 209 North, and the Co-alcitude 12 deg, 
30 min, the Sun being upon the Meridian in the North 3 I demand the 


Laticude? 
The Operation, 


The Suns Declination North —— ——— 299 00d 
The Co-altitude ſubſtrackt —— —— — 12 39 


— — 


The Latitnde of the Place —— —————— 07; 30 North, 
Example 2. 


Suppoſe the Suns Declination to be as before, 20 deg. North, and that 
being upon che Meridian to the Northwards, his Co-altztude is 49 deg, 
15 minutes, I demand the Latitude ? 


The Operation. 


The Co-altitude of the Sun is — 40* 15/ 
The Declination North ſubſtrat —— ———— 20 00 


The Latitude —— — 1; Sou 


Rule 4. 


If the Sun be upon the Meridian in the North, and hath South Dec!;- 
nation, then add the Declination to the Co-altitnde, the Sum is the Lati- 
t#de Southerly. 


Example. 


Admit the Suns Declination were 16 degrees 45 minutes South, and 
the Co-altitude 29 degrees 45 minutes, I demand the Latztude ? 


_— 
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| The Operation, 
The Declination of the Sun Souch — 4 
"ug The-Co-altitude add CCS + 
The Latitude ——=——————w—_nmn mmm —_ 46 30 South, 
Rale 5. 


If the _—_ no Declination, then the Complement of the Altitude 
s the Laticade of che Place ; and if the Sun be on the Meridian in 
the South, your Latitude 1s Northerly, 1t in che North, Southerly, 
This needs no Example, 


th, 


Rule 6. 


hat If the Sun be in the Zenith (5. e, ) 90 degrees above the Horizon, 
eg, then the Declination either Northerly or Southerly is the Latitude of the 
place. This likewiſe needs no 1lluſtration. | 


Rule 7: | | 


If you be within the Artick or Antartick Circles, and obſerve the Sun ; 
upon the Meridian under the Pole, chen add the Suns Declination to the f 
Complement ot the Altitude, and ſubſtract the ſum from x80 degrees, 


uh the remainder is the Elevatzon of the Pole, 


Nite, 
cli- If your Inſtrument wherewith you Obſerve, give only the Meridian 
mad Altitude, ( as the Plow , or {ome other ) then ſubſtratt that Altitude 

from 90 degrees, the Reſidue is che Zentth-diftance, or Co.alritude of 
the Sun, and the Operatzoy 15 the ſame as in the precedent Examples, 


and For the Stars, 


What hath here been delivered in theſe Rules concerning the Suns 
being upon the Meridian,the ſame is to be underſtood of any Star, whoſe 
Declination 15 known. : 


The Admit 
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Admir you thou!d obſerve the bright Star Arlurw, whole Declinari- 
ex is 21* 199 North, when he is upon the Meridian in the South, and 
find his Alticude to be 65” 257, the Complement thereof 1s 24® 35/, the 
diſtance from the Zenith ( or Co-altitude ) ; then adding 21® 19/7, to 
24® 35”, the ſum 45* 54/, the Latitude Northerly, according to the 
ſecond Rele afore-going, 

But if you obſerve by any of the Stars near the North-Pole, wheſe 
Polar-diſtance is ſer down 1n the Tables of Declination, and if chey be vn 
the Meridian under the Pole, add the Complement of their Declinaticn, 
or Pelar-diſtance, to the Meridian- Altitude found, the lum 1s the Lars. 
tude Northerly. 

But ſecondly, If you obſerve any Star that is upon the Mer;dian in 
the North, above che Pole, then from the ,Meridian- Altitude of that Star 
ſubſtract the Complemert of his Declination, or Polar-diſtance, the rc 
mainder 15 the Latitude Northerly ; or if out of the Complement ot the 
Stars Declination ycu can ſubitract his Meridran-Altitnde, the remainder 
is the Latitude Southerly. The ſame may be underitood ct Stars ucat 
the South-Pole, 

Here I thought it neceſſary ro mention ſomething of the Cy-/revs, 
which are certain Stars that are of great uſe in the Southcrn Navigation, 
they are ſo called, becauſe they do ſomewhat reſemble the form ot a Crols, 
according to the annexed Figure. 


The Figure of the Conſtellation, called the Croſficrs, 
* A 


Xx 


* 
Cocks Foot 


The Scar at C, is the Principal Star for Obſervation, called the Cocks- 
Foet, vhol: Declizatian is 60 degrees Southerly, according to the opini- 
on 


Fs 
bo 


laſt mentioned. 


To know when the Star is fit for Obſervation, hold up a thred and 


Plummet, and when the thred cuts the Star at A, and that at C both at 
once, then is the Cocks Foot upon the Meridiay, and hit to be obſerv'd, 


SECT, VII, 
The Deſcription and Uſe of the Nocturnal, 


HIS Inſtrument conſiſts of three parts, 
| Firſt, the broadeſt and greateſt, wich we may call the unmoye. 
able part, which hath a handle to hold ic by in tume of Ovſervetion, 


Secondly, The firſt movable or middle part, 


Thirdly, The long Index that is toturn to the pohition of choſe Sears 
for which chey are made, wiz, the guards of the Little or great Bear, 


The forchide of the firſt or unmovable part, hath the Limb or outward 
Circle divided into twelve months, and cach month ſubdivided into irs 
reſpe&tive dayes, and are counted towards the left hand, and marked with 
their names, or the firſt letter chereof, as F tor Fanwary, F tor February, 
AM for March, &rc, And upon ſome of them there are two other Cir- 
cles, the outermoſt of which is divided into 24 cqual parts orhoursz and 
the other into 29 parts ;, or dayes of the Moons Age, by which the 
Moons Sourching may be known by inſpection, and thereby a compurati- 


_ on of the Tydes, 


Ot theſe NoQturnals there are two ſorts, one for the Guards of the lit- 


ile, the other for the Guards of the great Bear, or Charlc;'s Wain, com- 


B b monly 
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on of Mr, Wright, in his Correft;on of Errors. But the preſent Declinati- 
on of chis Star, according to the judgement of ſome of our ableſt Naviga- 
tors, is 61 deg. 15 min, Southerly, and ſo the Complement of the Dec1s- 
nation, or Polar. diftance, is 28 deg, 45 min, By this Polar-diſtaxce and 
the e Aﬀertidian- Altitude of this Star, when he is ether above or below the 
Pole, you may find che Laticude of che place, by the Rules of the Stars 


Tas : PPS. EE tA SAC we 
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monly called the ewo Pointers, Now to know for which of theſe. Cor. 
ſtellations any Nocturnal is made : You may cbſerve,that the Nctur. 
nals that are tor the Gaards of the great Bear, have the 17th of February 
onthetop z and it it be for the Guards of the little Bear, then you 11] 
find the 2 1.0f g April there, The backſide of this part 15 divided into 
the 32 Points of the Compaſs, which are to thew the bearing of the 
Guards, theicby to kaow what Declination che Norch Scar bath upon ary 
point of che Compaſs. 

The ſccond and movealle part, hath a Tooth proceeding from it, with 
the edge continued 1n a right Line trom the Center, which is to be turn. 
ed to the day of the moncth art pleaſurez and on the ſaperticies chereot, 
3s a Circle divided into 24 equal parts, or hours, which whcn the ſaid 
Tooth is (et to the day of the month, and the Index turncd to the pohici- 
on of the Guards, the ſtrait tide of the Index will ſhew the hour of the 
hour of the Night upon the the ſaid Circle, 

The third and upper movad!e part 1s called the Index, having one hde 
thereof proceeding from the Center, which is to be turned to the Guards 
20 time of Obſervation, and through all thele pieces in the Ceater of 
the Inſtrument is a hole, through which you arc to ſce the North Scar, 
and at the ſame tame the Index to be turned to the Guards, 


The Figures of the Stars, as they ſhew themſelves in the 
Heavens, for which the Notturna!s are made. 
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The manner of holding the Nofturnal in time of 
Obſervation. 


Take the handle in your hand, with the fore-ſide towards you, hold- 
ig of ic upright in your hand, ( which you may diſcern by the tip that 
is onthe very top of the Nocturnal ) then looking aa. the hole in 
Center to the North Star, you mult turn the upper edge of che Index 
( which cometh trom che Center) to the Guards; this being underſtood, 
you may now proceed to the ſeveral Utes thereof, 


To find the bour of the Night by the North Star, and the 
Guzrds either of the Little or Great Bear, and upon 
what Point of the Compaſs they are, 


To perform this, you muſt firſt ſer the Index of the ſecond move. 
able part ro the day of the month ( then if it will nor ſtay of itſelf, you 
muſt ſtay it wich your thumb ) bolding of it as you are before directed ; 
find che N-rch Star through the hole, and turn the Index to the Guards, 
and then upon the ſecond movable part, the edge of the Index ſhall cur 
the hour ot the Night, at the fame time you will find on the back-fide 
what Point of the Compaſs the Guards are upon, ſo that you may know 
alſo what Declization the North Star hath at that time, either above or 
uader the Pole, 


To find the time of the Moons coming to South any 
day of her Age, and alſo the time of 
High-Water that Day. 


Firſt, Find the Moons Age on the moveable part, and right againſt ic, 
inthe Circle of Hours, you will find the time of the Moons Southing, 


Example, 


Suppoſe the Moon were eight dayes ola, I demand the time of her 
coming to South ? There- 


190 The Uſe of the Nocturnal, 

Therfore look for $ on the Circle of her Age, and right againſt 1t you 
will find in the hour Circle, al no#t halt an hour paſt fix of che Clock jn 
the Evening ( becauſe tha: alwayes berw-cen the Change and the Full, the 
cometh to South in the Evening, but attcr the Full ſhe cometh to South 
in the Morning ) fo having tound the Mouns Son:thing, it you add there. 
tche hour of the flowing at any place, i: will th:w you the rune of High. 
Wter tha: day, 

Ex amp!:. 

Suppoſe tha: h:re at London the Moon b.1ng $ dayes Old, I find by the 
Nocurnal, thatihe Moon cometh to Soutn at vlmoſt halt an hour paſt fix 
of the Clock; to which I add three hours, the time of High. Water ar 
the Fu!l and Change, «hich make 9 of the Clock and almoſt half aa hour 
palt,the time of High-Wacer at L9ndon Bridge that day of the Moons Age, 

And if thoſe Numnbers bc” 2 adde4 together thould exceed 12, that 12 
m:{t be ſubſtracter! from it, and that w.ll Þe the time of Full-Sea, As up. 
poſe the Moon ſhould be 13 Gayes old, at which time I find by the No. 
cturnal that the Moon com*th co Southat 10 of the Clock, and almoſt 
halfan hour, unto whichif you aid z, it maketh 13 hours and a halt, 
from which if vourake 12,there remains I of the Clock and almoit half an 
hour ; the time of High. Warer, 


SECT, VIII. 


The Deſcription and Uſe of the Moon- 
Dials, that are commontiy in the Z:ids 
of Pocket SDun-Dials, 


7 ic Dials d» contiſt of 2 parts, one movable and the other unmove- 
py os the unmovable part are 2 Circle;zon the outtermoſt is placed 
the Age of the Moon,on the innermoſt the 24 hours of the day and night, 

The other 1s the moveable part, which alſo-hath a Circle of hours, and 
an Index :fluing irom the edg rhereof,, which upon occaſion 1s to be turn- 
ed toany day o: the Moons Age required ; and ſometimes on the Platc 
are five Aſpects with which the Mooa doth reſpect the Sun, according : » 
the Quantity. of her ſeparation in Signs, as you may ſee in this 4nnexcd 
Table. The 


The Uſe of the Moon-Dia!, 
The Frere of the \Aoon-Dral, 


-—— 


4 


Names | 
of the Dit. 
Alp:ets. 
S. D. 
\Conjurttion,'2 OC 
|& |Sexrile, k oC 
jm Quariile, 3 OC 
/\ Trine, 4 OC 
6 Cc 


"$233veIry"? 


\ © Opp oſt: 108. 


For the performance of this, the Age of the Moon mutt be Known, un= 
to which you mult ſer the Index of the moveable Plare, which having 
done, feek the hour_of High-Water at the Full and Change on the ſame 
Plate, and right againſt ir, in ihe hour Circle, 0.>the uninovable Place, 
ſhall be ſhew'd the time of H'gh-Water that day. 


Suppoſe at Londox- Bridge 1 would know what time it is High-Water 
when the. Moon is five dayes old ; I therefore fer the Index of che move- 
abic 


the hour of Fall Sea at the Full and Change 
of the Moon being known, 


The Uſes follow 


I 


- 


To fird the time of High-Warer in any place; 


192 Theſe of the Moon-Dial. 
able Plate to 5 inthe Circle of the Moons Age ; and then becauſe it is 
High-Water at 3 of the Clock on the Full and Change day at London- 
Bridge; therctore I look againſt che hour of three in the moving Place, 
and righc againſt it I find the figure 7 inthe hour Circle on the unmoye- 
able Plate, which is the cime of High-Water. 


To find the howr of the Night by the ſhailuw of the 
Moon upon a Sun Dial, by help of the 
Moon-Dial. 


You muſt firſt ſet the Index of the moveable Plate to the Age of the 
Moon, and then cake notice upon what hour of the Dial the Shadow ot 
the Moon doth fall, the ſame hour ſeek on your moving Place, anc 
right againſt it, in the hour Circle on the uninoveabls Plate, ſhall 
be the true hour cf the night, 


E x ample. 


78 437 


right againſt the hour of 10, on the movable Plate, ( which was the 
ſhadow of the M»0a up3n the Dial ) ſhall be cut 11 and ſomewha:r 
more than half an hour, which is the true hour of the Night, 

It the movable Plate be divided with the Aﬀpects upon 1t, then it is 
thus to be uſcd: . 

You are to take notice, that the place of the Sun 1s repreſented by that 
Poir.t where the Age of the Moon beginnerh, juſt at the place of the Con- 
junction of the Sun and Moon, which is1n the Circle of the Moons Age, 
on the moveable Vlate ; therefore if you would know what Aſpect the 
Moon hath to theSun,you muſt ſer the Index of the removing Plate to the 
Age ofthe Moon, and then at the point of ConjunCtion, you will ſee what 
Aſpect cutteth it ( tor the Character of the Aſpect 15 grav'd upon the Line 
ot correſpondence ) ; as if you turn the Index to 3 dayes and a halt of 
the Moons Age, you will find that the correſpondent Point of che Sexti!e 
AſpeR, will cu: the Point of ConjunRtion ; and 3f you turn the Index 
ro the ſever.th day of the Moons Age, you will had that the Correſpon. 
dent parc cf che Quartile Aſpect wall cur the point ot Conjunction, And 
the ſame way you may proceed 1n che reſt, 


To 
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To kniw when the Mon cometh to South by the 
Moon-Diaal, 


Firſt ſet the Index of the moveable Plate to the Ape of the Moon, in the 
Circle of the Moons Age ; which being done, look right againſt 12 in 
the moveable Plate ; and there ſhall be cut, on the hour Circle (of the un- 
mayable Plate ) che tune of che Moons-coming to South, 

As ſuppoſe the Moon were 24 dayes old, unto which I fer the Inder, 
and right againſt x2 in the hour Circle, ſhall be cur > a Clock and zl- 
moſt a quarter in thg morning, becauſe the Moon is patt the Full, 
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Containing the Uſe of the Plain Scale, 
Gunters Scale, Sinical Muadzant , 
Plain Chart, Mercatozs Chart, of both 
Globes, of the Þnclinato2y-Needle ; and 
likewiſe the ſecret P2opertics of the 
Load-Sfone. , 


= — 


SHTT. HL 
The Deſcription and Uſe of the Plain Scale, 
HE Ufe of this Inſtrument is facile and deiighttul, and ſerves fur 
| the Nluſtcation of Problems in Navige ion and eAſtronemy, 
"The Lines on a Plain Scale, are uſually a Line of cout Parts, Chords, 


1455 . 
C Rod: , 


194 The Plain-Scale. 


Rhombs, and Longitude ; bur on this here defcribed, are likewiſe a Lin 
of Natural Sines, Fangents-and-Secants, : 
We ſhall here inſert the ProjeRon of theſe Lines on the Scale, 


The Line of Rhombes, 


The Projeftion. of the Line of Rhombes. 


For the dividing of the Line of Rhombs, firſt draw the Line ACB; 
and upon the Point C deſcribe the Semicircle A DD'B, and divide the- 
ts A D- into 8 equal parts, which being done, (ec one foot of 
your aſſes in the Point A, and with the other foot extend to each of 
thoſe divifions, and transfer thoſe extents unto the Line A C B, which 
will divide the (aid Line into eight unequal parts, which will be a Line of. 
Riombs, and co be numbred with x, 2, 3, 4, &s. unto 8, 


The Demonſtration of the Line of Longitude. 


Fiſt draw the Quadrant CA B, and divide the ſrde CA into 60 
equal parts ; then through each of thoſe equal party, draw Lines Parallel 
tothe hide A B, until they touch the moe nos CB, which being done, 
{er one foot of your Compaſles in the Point C, and extend the other foot 
unto each reſpeRive Point of interſection in the —_— CB; andthen 
transfer chem co the Line C D ( which is to be the diſtance between C 


and B, or the Chord of go degrees ) fo ſhall thoſe Interſe&tions divide 


_ Line C D into 60 unequal parts, which is called the Line of Longi- 
Id. 


The Line of Viyſed Sines, 


136 Lhe Line of Right and Uerſed Sines, 
The Line of Right Sines. 


The demonſtration of the Line of Sines is thus tobe performed ; 
Firſt draw the Line A C B and uponC deſcribe a Semicircle, and one of 
the Quadrants divide into go drgreesas the Quadram ADC, then 
draw a Line through each tench degree of the Quadranc. parallel co the 
Line A CB, it will divide the Line D C into go unequal parts, which 
will be a Line of Natural Sines, andtobe mambrerttrem C cowards D, 
with 10, 20, 30, fc, unto 99, | 


The Line of Verſed Sines. 


For the ProjeRion of the Line of Verſed Sines, it is thus to be effeRed 
Firſt draw the Line ACB, and upon C draw the Semicirxcle ADB, 
which divide into 180 Degrees, then drawing right Lines parallel co che 
LineD C, they will divide the Line A Binto x80 unequal parts, which 


will be a natural Line of Verſed Sincs, and to be numbecd with 30, 20, 
39, 49, @c, unto x80, 


The Deſcription of the 
The Line of Chords, 
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198 Line of Chozds. . 

For the Demonſtration and Diviſion of the Line of Chords, you mr ſt 
firſt draw the Diameter A C B in the foregoing Scheme, and upon 
the Center C deſcribe the'Semicircle A D B ; which Semicircle divide 
into two equal Quadrants by the Point D, chen divide the Quadrant 
D A into go equal parts or degftes 3 this being done, ſet one toor of 
your Compaſſes in the point A, ler the ocher be extended co each drgree 
of the Quadrant A D, which Extents transfer unto the Line A CB, as 
you may ſee the Arches lead inthe foregoing Figure. This Line ſo divid. 
ed into Ninety unequal diviſions, is called a Line of Chords, and may 


be ſer on any Scale, After this manner you make it of what Radius you 
pleaſe; = number it with 19, 20, 32,6, 


The Line of Natural T angents. 


Firſt draw the Quadrant, as in the foregoing Scheme, and di. 
vide it into 90 degrees, and trom the Point B erect a Perpendicular Line, 
as the innermoſt Line T B, then from che Center C draw Lines through 
each degree of the Quadrant C DB, uncil they couch the Line T B, and 


thoſe interſeRions will divide the Liue T B into a natural Tangent, to be 
numbred with-10, 20, 30, &c- 


The Line of Secants, 


Having drawn thoſe Lines 4n the foregoing Scheme, through each re- 
ipective degree of the Quadrapr, from the Center C, until they couch 
the LineT B, extend your Compaſſes from the Center C to the ex. 
tremity of exch reſpective Line, and the foot of the Compaſſes ſtill re- 
maining in the Point C, transter the ſaid Lines unto the Line CDS, fo 
ſhall chey divide the ſaid Line inte unequal parts, which is a Line of Ne» 
tural Secants, and number them with 10, 20, 30, &c- 


P20obl, 


Plain Sailing by 199 
Problems of Plain Sailing by the Plain Scale. 


P2oblem 7, 


A Ship Sailes: N. E. by E, 1608 Leagues ;, I demand the diff;rence of 
Latitude and Departure ? 


In the following Problems of Plain Sailing, 
A C repreſents the Diſtance Sailed. 
A B the Difference of Latiiude.,. 
B C the Departare; 
B A C the Courſe; 
A C B. the Complement of the Conrſe. Fig. 26, 


Draw tbe occult Line A B, take off 60 from the Line of Chords, and 
[weep the.prick'd Arch d e,. Ser off the Courſe five points; taken trom 
the Line of Rhombs, from d to e.; then draw the Line Ae C, and 
ſet off 108'Leagues, by. the Line of equal parts, from A to C lee fall the 

dicular B- C, and ſo finiſh the Triangle A B C, in which yom 
will find the Diff, Lat. AB 6o Leagues. The Departure BC, go 


Leagues, 
P2oblem, 17; 


A Ship Sailes N, E. by E. wntil bey difference of Latitude be 60 
Liagues ; 1 derwand the Diſtance and Departwre ?. 
Fig. 26 


Draw A B of the given length, and raife the occnlc perpendicular 
BC, ſet off the Courſe 5 points, as in the former Problem. Draw A C 
until it meets with B C,, and finiſh the Triangle ; the Diſtance. is. 208. 
Leagues, and the Departure 90 Leagues, 


P2oblem 111, 
A Ship Sailer N. E, by E. until ber departure be. 90 Leagner; 1 de- 
merd the Diftance and Diff. Lat, | 


Fig. 27. 
Draiy 
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Draw the occult Line A B, and raiſe the Perpendicular B C of the 
given length 90 Leaguesz then upon the Point C (weep the Arch de, 
wich the Chord of 609, and place the Complemene of the Courle three 
Points from d to e, then draw C e A until it meet with AB, and 
finiſh the Triangle ; The Diſtance 1s x08 Leagues ; the Difference of 
Latitude 60 Leagues. 


P2oblem, IV. 


A Ship Sailer between the North and the Eaſt 108 Leagues, until thi 
Difference of Latitude be 60 Leagues ; I demand the Courſe and De- 


partmres 
Fig. 28, 


Draw A B 60 Leagues and raiſe the occult perpendicular B C, rae 
.off the Lengch of A C the Diſtance 1208 Leagues, and placing one point 
of your Compaſſes at A, deſcribe the occulc Arch curring the Lire BC at 
the point C, by which draw A C and fimih the Triangle z the Deparcure 
B < is 90 Leagues, with a Chosd of 609 —_ the Arch de, whit 
meaſured upon the Line of Rhotnbs, will be found five Points, the Courſe 


ſought. 
P20oblem. v. 


A Ship Sailer between the North ard Eaſt 108 Leagues, wntil by 
Departure be 99 Leagues ; 1 demand the Conrſe and Difference of Lati- 
tude ? : 
| Fig. 28 


Draw the occult Line A B, and raiſe the Perpendicular BC of the 
given Leneth 90 Leagues z take A C 108 Leagnes, and (ering one point 
oi the Compaſles-ar C, deſcribe the occult Arch cutting che Line AB at 
A, by which draw A C and finiſh the Triangle,the Courle 3s five points, 
mesſured as in the former Problem, the Diflerence ot Lat, 60 Leagucs, 


Þ2oblem, v1. 


A Ship Sailes between the North and Eaſt, nntil the Difference of Lat 
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Plain Dating. 
rade be 60 Leagues, and the Departnre 99 Leagues ? I demand the Courſe 


and Diſtance ? 
Fig. 28. 


Draw A B 60 Leagues, raiſe the perpend:cular B C 90 Leagues,and 
by che Points A and C, draw AC, and finifh che Triangle ; The Courſe 
isfound 5 points, as 1n che 4th Problems ; the Diſtance 108 Leagues. 


P2oblem, v11., 


There are two Ports that bear S, W, by S. ard N.E. by N. diſtant 
49 Leagues ; A Ship ſailes from the Nyrthermoſt of them, firſt Seuth, 
and then Weſt by South, ſometimes wpon one of theſe Courſes, ſometimes 
apon the other, until ſhe arrive at the Soutbermoſt Port 5 1 demaud bow 
many Leagues ſhe bath ſailed upon one Courſe, and how many npon the 


other ? 
Fig. 29 


Let A repreſent the Nortbermoſt Port, and E the Southermoſt, A E 
their Diſtance, A D the Diſtance failed upon the South Courle, D E 
the Diſtance upon che W, by $. Courſe. 

Draw the Line A E 40 Leagues, being a N, E. by N. and a 
S. W, by S. Line; Deſcribe the Arch & g, terting oft three points, 
and draw the occult Line A D, being a South Line ; then {weep the 
Arch h 1, and fer cff tour points, drawing the occule Line D E'until 
it meet with A D, and to finiſh the Triangle ADE; The Diſtance fail- 
ed South is 29 Leagues, and WW. by S, 1s 22 ; Leagues, 


P2oblem. vill, 


F There are two Iſlands that bear Eaſt and Weſt, and are Diſtant 4© 
Leagues ; A Ship ſailes from the Weſtermoſ} N.E. by E. and then ſail- 
ing 22 Leagnes and a balf further, artzves at the Eaſtermoſt Port ;, I de- 
mand the Diſtance ſailed upon the firſt Courſe, and what was the ſecond 
Courſe ? 

Fig. 29 


T p 
$4\ * 


— 


ZOL Lhe Plain Scale, 

Let A repreſent the Weſtermoſt Port, E the Eaſtermoſt, D the place 
where the Ship altered her Courſe, making che beſt of her way ; A D 
the N., E. by E. Courſe; D, E, the other Courſe unknown ; Draw 
AE 40 Leagues, fe: off an Angle of three Points, and draw AD, the 
N. E, by E. Line, occulcly; take the Diſtance 22 Leagues and a half, 
and placing one point of your Compaſles in the poine E, croſs the 
Line AD 1n the point D, draw DE and finiſh the Triangle : The 
IFftarce upon the firſt Courle is 29 Leagues, the Angle at E is four 
points, therefore the {;cond Courle 1s S, E, 


P2oblem, 1x, 


T wo Ships ſail from the ſame Iſland, the firſt ſailes N, W. by N. 22. 
Leagues and a baif, the ſecond W.by N. 40 Leagues, and arrive at their 


ſeveral Ports ;_ I demand the Bearing and D:ſtance of thoſe Ports ? 
Fig. 29 


E repreſents the Iſhand, D the Northezmoſt Port, A the Eaſter. 
moſt, 

Draw A E. 40 L-agues, and ſer off the Angle at E four points, ard 
draw DE 22 Leagues and ayhalf, then by the Points Dand A, draw 
AD, and finiſhthe Triangle; the Angle art A is 2 points, which ſhews 
the bearing of the Ports to be E, N. E. and W.S. W. and the Diſtance 


AD 29 Leagues, 
P2oblem. x, 


A Ship ſailes from a certain Port W, N,W., 22 Leagnes and a bal[,and 
th:n more Sautherly 29 Leagues, and fre u forced back, again to the Port 
from whence ſhe came 40 Leagues ; 1 demand ber Courſe from the ſecond 


Mace to thethird, and bow ſþt fleered back: again. 
F TH 29 


E repreſents the firſt Port, D the place where the Ship altered her 
Courſe, A the Place where ſhe was driven back. 

D:aw the Line DE 22 Leagues and a half, cake the Diſtance A D 29 
Leagues, placing your Compaſles in D, deſcribe the occult Arch at A, 
and take the Diſtance AE 40 Leagues, deſcribe another occult Arch 
cxolling the former in the Point Az dray AE and AD, and finiſh che 
| Triangle; 


ters 
ard 


raw 
vews 
ance 


(and 
Port 
econd 


, 29 
| her 


D 29 
at A, 
Arch 
h che 
ngle 
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Triangle ; The Arch mn 1s 9 points, therefore the Courſe from the (e- 
cond Placeto the third i5 S. W, by S. and the ſteered back again to the 
firſt Porc E, N, E. 

Here follow ſome Problems of HMereators Sailing, wrought two 
wayes, 

Fin, By the Plain Scale only, by taxing the middle Latitude, which 
is not exactly true, bur may ſerve as 21 ayproximation 1n a ſingle Courle, 
provided the diſtance be but imal!, o:herwiſe "cis too grof, 

The ſecond way 1s by the Meriatoral Parts, winch will be exact, ac- 
cording to che capacity of the Ir;:{trument. 


The Uſe of the Plain Scale in Merca- 
to2S Datiling by tize 1nuddle Zaticude, 


P20viem 1, 


A Ship being in the Latitnde of 40 degrees, Sails a North-Weſterly 
{ourſe, until ſhe come into the Lat. 45% 3c), the difference of Longitude 
90 Leagues, 1 demand the Courſe, Dijtarce and Departnre ? 

Fig. 30 


For the ſolution hereof by the Plarn Seale, firſt draw the Line ACB, 
and upon the Center C deſcribe the Semicircle ADB, and crols the 
Line ACB at right Angles with the LineE CD; then by Arithmetic 
find the middle Latizud:, by taking the half Sum of both Laritudes ad- 
ded together, which you will hind to be 42? 157, which middle L1tirude 
ſet off trom D :o M and L both wayes, and draw the Line M L the: (er 
the Diſtance D F from 3 to G, then (er oft the diftercnce of Lunude 
110 Leagues from B co H, and from Gro A, and upon the point A creet 
a perpendicular, as AK, and from A te: off the difference ot Longicade 
m Leagues, whi.!11s 99, from che point K draw the Line KG, then frem 
the point H erc&t an occult perpendicular as the Line 1, then laying 
a Ruler from the point Bro the point E, where the Line C K doth cur the 
Line E C,and draw {i Line 1 1; then upon the port Þ deicrivs the 
occule Arch Cn,winrch bens matured in the line of Chordsgyill be found 
tbe 317 or 2 Points thrce ouarcers, which 1s the Courle required, N, N. 
W. three quarters N chang the Live B Lis the diffance required which 

I) «4 2 Matth. 


m3 
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being meaſured upon the Line of Leagues, will be found to be-128 
Leagues , the Departure H I 67 Leagues. 


P2oblem, 17, 


A Ship being in the Latitude 40 North, ſailes N, N. W. three quar+ 
ters of a point, or 7* three quarters North, until (he come into the Lati- 
tude of 45* 3& ; I demand the Diſtance run, the Difference of Longitude 
and the Departure ? 


Fig. 30 


| In the ſolution of this Pr:blem by the Plain Scale, draw the Line AB 
| at any convenient length, and upon C deſcribe the Semi-circle A DB, 
and find the middle Latitude as before, and ſet it off from Dro M and L, 
and draw the Line M L, and upon the point B deſcribe the obſcure Arch, 
C n, and ſet cff the Courſe given (which 1s 2 points three quarters, or 
31” and a quarter) trom C 6 n,and ſet the diſtance C F from C to G,and 
trom B ſer oft the Difference ot Latitude r10 Leagues 3: and the fame 
diſtance frem Gro A, and from the points H and A, erect the two per- 
pendiculars HI and AK, then through the point N draw the Line BI, 
which being meaſured in the Scale of Leagues, will be found co be 128, 
then laying a Ruler from G to the Interſection of the Lines at E, draw 
the Line G K, and note where 4t anterſecteth-the Line A K, which is at 
K , ſo the Diſtance A K being meaſured upon the Scale of Leagues, will 
be tound to be 90 Leagues, the D ference of Longitude ſought, and H 1 
the Departure 67 Leagues. 


P2oblem, 117, 


A Ship being in the Latitude of 40" North, ſailes between the North 
and the Weſt, until ſhe arrive ts the Latitude 45* 3&1, and that ber Di- 
ſtance run be 128 Leagues ; 1 demand the Courſe, d:fference of Longitude 
and Departnre ? 


Fig. 39 


' For the ſolution of this Problems, fiſt draw the Line ACB at any 
l; convenient length, and upon C deſcribe the Semi-circle A D B, and ft 
ofithe middle Latitude as beforez and likewiſe the Diſtance C F from 
C co 


The plamne Scale 
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in Mercatozs Sailing. Zo5: 
Cto G: alſo the difference of Latitude in Leagues from B to H, and from | 
Gro A, then erect the two | pre 4 mom at Hand A, then take the 
Diſtance between the Compaſſes, and ſer one foot of the Compaſſes in B, 
and extend the other foot rowards I, until it doth interſeR the perpend:. 
cular ac H in the =_ I, then laying a Ruler upon the point G, unto the 
interſeRtion of the Lines at E , draw the Line GK, and note where 
it doth interſet the perpendicular at A, which will be at K; then the di- 
ſtance K A being meaſured on the Scale of Leagues, will be found to be 
90, the Difference of Longirude ſought ; then for the finding the Courſe, 
with the Radius of your Scale, draw the obſcure Arch C n, and where 
it doth interſeR the Line B I, that diſtznce being meaſured in the Line 
of Chords, will be found to be 31* and a quarter, or two poiuts three 
quarters, the Courſe required, which is N. N, W, chree quarters North, 
and the Departure HI 67 Leagues. 


P20blentr, rv, 


oA Ship being in the Latitude 40* North, ſailes N, N.w. three 
quarters (or 7* ;) N. 129 Leagues; I demand the Latitude of the ſecond 
place, the difference of Longitude and Departure ? 
| ; Fig. 30 
For the ſolution of this Problem, firſt draw the Line B A of any cone 
venient leng:h, then from one end thercot, as B, deſcribe the occult Axch 
C n, and ſet off 31® and a quarter, or two points three quarters from C 
to 1;, then by the point n, draw the Line BI, the diſtance 128 Leagues, 
and from the end chereot, as at I, ler fall the perpendicular I H, then 
meaſure the diſtance H B, which you will find co be x 1< Leagues, or $9 
3c), ithe Latitude ot the fecond place 1s 45® 3</ , then having the ewo 
Latitude, find the middle Latitude, as 1s betore direfcd 3 then upon the 
Line B A and upon the Center C, deſcribe the Semicircle B DA, and 
drawing the Line D E from the point D, fer off the middle Latitude 
42* 45! both wayes, toM and L, and draw the Line ML then take 
the diſtance D F 11 your Compaties, and ſer xc off trom B to G, and trom 
H to A, then upon the point A erect an occule perpendicular, as M K, 
then by the point E, draw the Line GK, till it 16:er(e&t the perpendicu. 
lar at K ; then draw AK, which being meaſured jn the Line of Leagues, . 
will be found to be 90 Leagues, or 4" 30, the difference of Longitude, . 


and H 3} the Departure 67 Leagues, 
| P:0b, 


20s The Uſe of the Þlain Scale, 


P2oblem. yv, 


A Ship being in the Latitude of 40®, ſailes in that Parallel, antil hey 
difference of Longitude be ſix degrees, 1 demand ber Diſtance run? 


This Qneſtion is uſually demonſtrated amongſt the Problems of Muy- 
cators {ailing by a Scheme drawn for that purpoſe, diflering trom tha: al. 
ready deſcribed, but we ſhall here ſhew che way how to reſolve this 
Problem by the Line of Longitude on the Plain Scale, 

It is to be underſtood, that, according to the Globe, the Meridians do 
incline nearer togerher, unil they concur and incerſect cach other in the 
Poles, ſo that thereby the degrees of Longitude are not 60 minures in any 
Parallel on the North or South fide of the EquinoCtial ; bur the nearcr 
to either of the Poles you approa.h, the more they decreaſe, fo that in the 
Latitude of 60 degrees, there are buc 30 minures to one degree of Lon- 
gicudc; and in the Latitude cf 84 degrees, there is but 6 minutes, which 
doth thew the errors of the plain Chart; and theretore in Sailing, there 
ought to be reſpect had to the retitying thereot according to the Globe, 
and to that end was this Line of Longitude contrived, which 1s thus to be 
uſed. It you detire to know how many minutes theze are in a degree of 
Longitude in any Latitude, 

You muſt extend the Compaſſes from the Center in the Line of 
Chords to the Cegrees of the Latitude of the Place, and the (ame 
extent will reach from the Center at 60, on the Line of Longunde, 
tothe numver of minutes anſwering to a degrce of Loxg;:ude 18 that 
Latitude, 

Therefore tor the {vlttion of the fiſch Problem here propoſed, extend 
your Compailes upon thi: Line of Chords, from the Center to the Lats» 
eude of the place, which is 40”, and the fame extent will reach from the 
Center at 6o in the Linc 0: Longitude, to 46, which ſhews that 46 mi. 
nutes makesa degree of Longitude in that Latitude, which 46 being 
mul:iplied by fix, the degrees of Longumde, gives 276 minutes , th: Di- 
ſtance run, which was iecuired, 


Þ20b, 
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P2oblem. vr, 


A Ship being in the Latitude of 40 degrees, ſailes in that Parallel 276 


minutes ; 1 demand her difference of Longitude ? 


For the ſolution of this Problem, find how many minutes make a de. 
gree of Longitude in the Latitude of 40 Cegrees ( as inthe laſt Pro. 
blem ) which is 46, therefore if you divide 272 the Diſtance run, by 
46 (the miles in a degree of Longitude 10 that Latitude ) the quorieuc 
will be 6 degrees, the diflecence of Longutade required. 


Another way to Wozk. Mercato:zs. Sail- 
ing by the Plain Dcale, by the 
Mcridional Parts. 


ok P20blemn, I, 


A' Ship faile: N, N, W. from the Latitude 40* North, tothe Latitade 
42® 2! North; 1 demand the Diſtance ſailed, the Departure and Dif 
ference of Longitude ? 

Fig. 31 


Having the two Latitades, 40* North and 42*® 2c# North, find the 
Meridjonal Difference of Latitude by the Table of CMeridional parts, 
which-is 186 min. and ſubſtracting one Latitude trom the- other, che 
D ference is, 2* 204 or 140 min, 

To work this Problem, Draw the Tine A b B, then place 140 
from A to b, and 186 from A to B, raiſe the two occult perpen.. 
diculars b c, and B C, ſet off the Courſes two points, and draw 
the Line A c C, producing it until it cut both the perpendiculars in 
the Poines c and C, and fo finith the rwo Triangles A bc, and ABC; 
The Diſtance Ac 1s 151 minutes, the Departure þ c 58. minutes, 


and the Diftcrence of Longitude B C 77 minutes. 
P20b 


— 
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P2oblem, 11, 


A Ship Sailes from the Latitude 49" N. to the Latitude 42* 29) N, 
watil her difference of Loxgitude be 77: minmtes Weſterly, 1 demand the 


Courſe, Diſtance and Departure ? 
Fig, 31 


” The Meridional Difference of Latitade is as in the fiſt Problem,. 186 
minutes, the Proper difference of Latitude 149 minutes, 

Draw AB 186 minutes, place x45 minutes from A to b, raiſe the 
perpendicular B C of his given length, >7 minuces, and allo the 
occult perpendicular bc, by thepoints A'and C draw A C, and finith 
the two Triangles ; the Courſe, the Angle at A is :vo points, or N. N, 
W, the Diſtance Ac 151 minutes, the P-parture 58 minutes, 


P2oblem 111, 


A Sbip Sailes Weſterly 151 minates, from the Latitude 49* North, 
tothe Latitude 42* 2% North, I demand the Conrſe, Departure and dif} er- 


ence of Lokounude ? _ 
T8636 


The Aeridional Difference of Latitude is 186 minutes, the Proper 
'D;F\. Lat, 140 minutes, 

Draw AB 186 minutes, and A b 149 minutes as before, and railc 
the two occult perpendiculars be and BC, take the Diſtance x5 x min. 
and placing one point of your Compatles 1n the point A, crols the occult 
Line b c, in the point c, and draw A c, producing it until it concur with 
B C, and finiſh the Triangles z the Courſe 15 ewo points, or N.N, W, 
tae Departure 58 minutes, the Difference of Longitude 77 minutes, 


P2oblem 1», 


A Ship Sailer N. N,W. 151 min. from the Latitude 40 North, 1 
demand the Latitnde, Departure and Difference of Longitnde ? 
Fig. 3t. 
Py | 
Draw 


© 


y 
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Draw the occult Cine A B, and fcc oft che the. Courle yo D21NtS, 


1nd che Diſtance Ac 151 minutes, let fall the px oye !:cailar bc, and 
ftiniuh = Triarg! - Abc; Then Ad will be - Foun: 142 Minutes or 2" 
2c,vl jakes tle other Latirxde 429 2 2#, by w hich you will ind the 


A, Ayo wh "IHR be 186 minutes. Place 1 $6 minvec. trom A to B,and 
Y 31:C » the occult Det pendicul ar B CG until 17 meet WI 11 AC C0 mivucd, 
nd fo fioiin the Triangie ABC; The Deoarture b 1»5S a01n, the 
'vÞ Hor ence of L W744 WEE B C 5 wi 464 


Problems of Great Circle Saili in? 


Y20vici x, 


T7 wo Pidces beth in one L atitude, (he Di, ET eNC2 ef Longutuae being g g1- 
Ven, to find the Conrſts ard Diſtarrer from place to vs ce by the arch of a 


Grea C Circle ” 
E x ample. 


Supp9:c the L1z.ard and — ard 01: New-found Land, both in 
the Latitude 52" North, the Difference of Longitude perwoen them 47*; 
I demand the Courſes andDiſtances from place to place. 

Fig, 32, 


Draw the Line A E, and place the Tangent ( omplement of 59* the 
Lati:ude, from A to By wi: h 609 of the Chords {1 cep the Arch D E, 
and ſer off 47%, the Difference of Longitude from D to Ez and draw 
the Line A D, and place the Tangent 45*, the Complement of the Lati- 
tude, trom A to C, then draw che Line B C upon the Arch DE, ſet off 
every 5” degrees trom Eto D, and draw the prick'd Lines, Ab, Ac, 
Ad, ec. and where thcle Lines Imerſect B C, place the Letters b, c, d, 
f,g, &c. the Diltances Ab, Ae, Ad, &c. bein ng mealured on th: 
Line of Tangenity are T angents Corplemes; of the Latitude, as | low. 
eth, 


CDI SE SES ni > Dc ED re on Es 
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Ceompl. Let. |] The I Laticndes. | 
Ab 39 | Fa FI 
Ae | 3s » - C1 1 
A d 33- r= C2 
At 37 1 = = 
A 2 37 R | 2 - 
An 92 1 © $a * 
A 0 35 J- F2 
Au 38 3 | hs Fi; 
A 1 39 5 | _ FO . 
— | 
Theſe are the Latitules 'y wi e Arch paſtes, at evcry $* of Los- | 


gitude from B, repretenting the A « we"; which re preſent s the INLind, | 
Havivg thcle La: itndes and Longitudes, you may find the Coxrſe and Dy. | 
ſtance according to Mercators Salling. | 
Ac 1s the Tangent {ompl. of the greatelt Latitude by viinch the Arch | - 
paſtes, g2* 
50 th ie Latitudes and Lengitudes of the ſeveral Points, b, ce, d, Oc. are 
as followes, likewiſe the Courſes and Diſtances from place to place, 


O— 


—— 


——  — ——— 


[ Lon. | Lat, [| Plactss | Courſes. = | Dijt. | 


—— 


— 


B | 00” | 50® From Brob [W,N.W, * W, | 198/ 
bl og [51 '| From btoe| W. by N, ' 195 
e320 i582 From etod | W.by N, : W.| 192 
d] 15 | 52 From d cof | W, by N. * W., | 180 
f [20 |52 From ft tog | Almoſt W, | 196 

| [olas (52 2 || FomgenlW. by & 1 W| 8 
n|3o [52 1 || From ntvo|W, by $. ! W. | 193 
0 | 235 |52 \| From Gtou|W, by S. | 186 | 
u [4o (Ft 5 || From utoi , W, S. W, : W.| 196 
i | 45 bh : | From itoC;W.S, W,' W.' 8: 
Cl4> ]g0 | 


— Poobl. 
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P2oblem 1x, 


T wo Places differing 69th in Lei:de and Togitade, '» [ind the Courſes 
an1 Diſtances from place to place, 


E xansnle, 


Suppoſe the two places to be Trimey Haroour in Firginia, in che Lie 
tirade 36*N orch, and the Lizard in the Latitude 50" Notth, che Differ. 
ence of L ongitude between them 68 degrees ; 1 demand by what Lati- 
rudes and Longitudes the Arch paſſes, and likewite the Courſes and Di- 
ſtances from place to place ? 


Draw the Line AF, place the Tangent of 452 the Complenyent of the 
Lizards Latitude trom AroC; with 69® of the Chords d:{cribe the 
Arch EF, placing 68 degrees from F to E, drawing the Line A E ; then 
place the Tangent 54 degrees the Complement of Triamty Harbour*s La- 
titude from A to B, and draw BC, letting fall the perpendicular Ad; 
then ſer eft cvery 5 degrees trom E towards F ( becauſe we Sail from 
B ) drayy the prick't Lincs, A i, A 2, &c. the Diſtance A rx, Az, 
A 3, Cc. mcalurcd on the Line of Taygests gives the Complements ol 

the Lanitudes by which the Arch paſles, at every 5 degrecs difference oi 
[ongicude from B, repreſenting Trinity Harbonr,tow ards C which is th: 
Liza d, 


212 The Uſe of the Plain Scale 


The Diſtances, A 1x, A 2, A3, cc, are as ſo'lowes, 


| Dit, Dep, NB» | Lox. | Latit. | 
i 5© 4 YL of — oo | a” 
A 2 40 ; —_— j* 1 7 3 
A} 46 == 2 | wo Fd 
© © | 
A4 44 =d 7 7 3 
IE; 42 ? XY 5 + | 20 | 45 
—_ — JOY p- NN ' | : 
A6 ; 41} = > | * 
A7 40 ES Eo 
A8 | 4© FS ia 12 1.3 
A9 39 xz | —< | Bat ts 
I] | 38 |? 14 & 
— = 3 a I FO 5 
A 11 39 = 2 I 
| , 29 * S< 2, + 
A I'2 | = | I'Z | 60 F< 4 
5 +. Who = p 
| A I 3” , ' fn | 13 65 ſO, 
| CE T-68 F208 


Having the Latitudes and Longivudes 
by which the « Arch paſſes, you may 
find the Courſes and Diſtances from 

Place to place, by Mercators Sail- 

ing, 48 4 the Problem afore-goins, 


= OL_—_ SCI AE ae <a Ae te, tee ons 
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Places, 
From B to 1 
From 1 to 2 
From 2 to , 
From 3 :0 4 
| From & to F 
From F &60 6 
From 6G to 7 
From 7 to 8 
From $8 to 9 
| From 9 to 109 
From s 6 us 
From 11 to 12 
From 12 to 13 
| From 13 to C 


— 


Cour es, 
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| 

i 
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Jn G:cat Circle Sailing, 


» Io E. tf 
N, 

:, by N.'E. 
"a dy N, . Le 


Mercator, are as follyws in the Table, 


| 
| Di ſfaxces. 


| 
The Courſes and Diſtances from place to place, wrought þ | 
| 
| 


—. —_ - —_— 
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AſtronSinical P2ovieins Wzought by 
the Piain Scalr. 


1:oblem x, 


The Suns Place or Diſtance from the next Enmuiltial Port, and the 


ov2ateſi Declination being given, to find the preſent Declination, 


Example. 


The Surs Place is 26 degrees 5 of Taurmw, that 15 56 deg, £ from the 
Equnottial point Aries ; 1 demand hs Declination ? 


Fig. 34 


Wirth the Chord of 60 degrees deſcribe the Semi-c:rcle B DC, and 
raile the perpendicular A D, and trom the pin: C, ſer oft the greateſt 
Declization 23 deg. i, from CtoE, and draw the Line AE; then for 
the Suns Longizude, ſer off the Sine 56 deg. 3 upon the Line A E, from A 
toF, then from the point F, take the neareit diſtance FI to the Line A C, 
which mcalured on the Line of Sines 1s 19 deg, : ; or elfe through the 


point F, draw GH, paralled to B A C; then A G meaſured on the Sins, 
r CH on the Chords, give 19 deg, *, the Suns preſent Declination 


Northerly, 
P2oblem 17, 


The Suns greateſt and preſent Declination being given ; to find his 
Place or Longits/e, 
Example. 


May the 7zth 1672, the Sans Declination is 19 degrees | North, 
the greateſt Declination ( as betore ) 23 degrees ! , I demand the 


Suns true place ? 
Fig. 34 


Draw BC and delcribe the Semi.circle B D C, raiſe the perpendicular 
AD, aud draw the Line AE, as in the tormer Problem, place the Suns 
Decimnation 19 degs 3 from. B and CtoH and K; draw the Line HK, 
which 


% v 
» v 
a 


. 
— H "S 
I. 
- 


EF -5 ” 15 ©» x5 39 
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which interſeCts A E in the point F , the Diſtance A Fis a Sine 56 deg. 
i , the Suns Diſtance from Aries ; ſo that the Suns Longitude is 26 
degrees and three quarters of Tawrm, 


3920VIem 117, 


The Sans Place and greateſt D:ciinntion veing g2vey ; to find his Roe ht 
F Aſc enſions 
Example, 


The Suns place 15 26 }, of f T's args, the greatelt Declination as be 


I der man d his Ri oht Aſc 6 " 
Fig. 34 


Dc (cribe the Semi-cucle, draw AD and AL as before, place the Sine 
Fo 3, the Suns Dill ance tom Aries, tr, m A to F ; through the point 
F draw the Parallel H K, then is EQ the Sine of Right Aſcenſ 72», GH 
veing Radius, witich you may meaiure atcer this manner : Place the Di- 
tance HG from A to « >, upon 0 as a Center, with the Diſtance FG, 
delicribe the occult Arcii at M, a Ruler laid trom A until it touch the 
Arch, will cut the Semicircle B DC in che point N, the Arch C n is the 


mealure of F G, 54" ; , the Right Aſcenſion. 


The Smnns Diclination given ( the greateſt declination being known )) to 
find the Right vAſcen/ion. 


Example. 


May the 7th 1672,the Suns Declinativn is 199 4 North 3 I demand 
Rrobe Aſcenſion ? 
Fip. 34. 


Deſcribe the Sem:-circle BDC, and draw the Line AD and AE 2s 
b:tore, place the Declnation x9? ! from B and C co H and K, draw- 
ing H K; F G being mcalured as in \therthird Problems gives the Right Aſs 


P20b. 


een/ion ( as betore ) $4* 3 


PS 


43am Sale, 


TITLIEELE . 
Þ 1111744 HRP 


| The Latitude of the Place and the Sun Declingtion vring given, to fid 
his eAmplitude ? 


| £ vac. 


. 


Taly 22 1671, in theLaticude 510 54 North che Sw»; Decluwation wa 
17” : North; 1demand the Suns Ampiuiuae : 


Fig. 25 


Draw B A C,and the Semi-ciccle B Z C, the perpendicular AZ, place 

the Laticude or heig:h ot the Pole 51? | from Bro Þ, and draw AP, 
ſet off the Complement of tic Latitude 3$ | fromC ro Q, anddraw A Q, 

| the EoninoRial z place the Chord ot the Declination 17" 4 trom Q : 
| D. and the Sine thereof trom AtoG, and draw the parallel of Decl;- 
matim AF, A F mcaſuredon the Line of Sines 1s 299 1, the Ampli. 


'#de quired, 
Þ20oblem. v1, 


The Latitude of the Place and the Suns Deiclination beirg giver, to fing 
the eAſcenſional Dif erence. 
E xample. 


Taly 23 1671, in the Laticude 51* ! North, the Suns Declhnetion 17 
” r . , *PÞ 
: North ; I demand the Aſcentional Difference ? 
Fig. 35 


Deſcribe the Semi-circle BZC, and draw the Line AZ, AP, A 
Q, and DF asinthe 5th Problem ; F & 1s the Sine of the Aſcentional 
Defferexceto the Radius D G, which is thus mcalured, place DG from 
A to o, upon ©, as a Center, with thc Diſtance F G, deſcribe the Arch 
at F, a Ruler laid from A until it touch the Arch gives the point I; and 
BI 23% is the meaſure of the Aſcentional Difference, 

What the Aſcentonal difference 15,and the Uile of it, may be ſeen Prob, 
5, 6, 7, and Chop. 7, 


P20b, 
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P2oblem, VII, 


The Latiinde of the Place, and the Suns Declination being given, to find 
when he ſhall be due Eaſt or Weſt, 


Example. 


In the Latitude 5 1 deg { North, the Saxs Declination i? 17 degrees ? 
Norch ; 1 demand at what time he ſhall be due Eaſt or weſt > 
Fig. 36 


Deſcribe the Semi-circle B Z C, and draw the LineAZ, AP, AQ, 
and DO asbefore; E O is the Sine of the time from 6, that the Sun is 
Eaſt or Weſt to the Radizs D O;which to meaſure, place D O from A to a, 
and upon the Center a, with the Diſtance E O deſcribe the Arch at g, a 
Ruler from A until it touch che Arch, gives the point L, and B L 14 deg, 
3 is the meaſure of E O, which reduced to time- ( Vide Probl, 7. Chap, 
7,) makes 59 minutes : which thews thar the Sun 1s due Eaſt at 59 min. 
paſt (ix in the Morning, and due Feſt at one minute paſt tive, or 59 min, 
before fix at Night, 


P2oblem, v111, 


The Latitude of the Place and the Suns Declination bting given, to find 
the Altitude of the Sun being due Eaſt or Weſt. 


Example. 

\ In the Latitude 5 1 deg. } North, the Swrs Declination 17 deg, i; I 

! demand the Suns Altitude being due Eaſt or Weſt ? 

1 Fig. 36. 

[1 

d Deſcribe the Semi-circle BZ C, and draw the Lire AZ, AP, Q 1 
A and DO as before; A }. 5-ing meaſured on the Line of Sines 1s 2 3" 

þ fere, the Suns Altumie being due Exft or ft. 


Pi Þ:eb. 


—_—_ 
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P2oblem oy » 


The Latitude of the Place and the Suns Declination given, to find the Sun; 
Altitude at fix, 


Example. 


In the Latitude 51 deg. 4 North, the Suns Declination being Th , 
North ; I demand his Alritade at fx ? 
| Fig. 36, 


Deſcribe the Semi-circle B Z C, draw the Lines AZ, AQ and DO, 
and through the Point O,draw the LineL obz BLor Cb meaſured on 
the Chords, or A I on the Sines, gives 13 degrees 3, the Aliyrade of the 
Sun at fix. 


P2oblem. x, 


The Latitude of the- Place and the Suns Declination gruen, to find the 


Suns Azimuth at fix, 
Example. 


In the Laticude of 5 x deg, 5 North, the S«ns Declination 17 deg. ; 
North ; I demand the Suns Azimwh at fix ? 
Fig. 36, 


Deſcribe the Semi-circle, BZ C, and draw the Lines AZ, AP, AQ 
and D O as before 3 draw, L © b as in the 9th Problem; I o is the Sinc 
of the Suns Azimuth to the Radins I L, which is thus meaſured ; place 
LI from A to e, with the Diſtance I o upon the Center e deſcribe che 
occult Arch at d : a Ruler laid co rouch the Arch, gives the point b, and 
C b meaſured 1s 11x deg. 3, the Azimuth from the Eaſt or Weſt ; So that 
the Sun is E. by N. at 6in the Mormng, and W, by N. at 6 at Night, 


P2oblem. x1, 


The Latitude of the place, the Suns Declination and Almiude given, to 
find the. Suns Azimuth, 


Example, 
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E xample, 


In the Forenoon, in the Latit, 51 deg. North, the Suns Declination 
is 20 deg, 4 N®. and his Altitede 43 deg. I demand his Azimuth ? 
Fig. 37. 


Deſcribe the Semi-circle BZ C, and draw the Lines AZ, AP, AQ 
and DF, the parallel of Declination as in the fromer Problems, place the 
Altitude 43 deg» from B and C to dand e, and draw the parallel d e, 
which interſects the Parallel D F in the point G ; I G is che Sine of the 
Suns Azimmth from the Eaſt towards the South, I d being the Radius ; 
which to meaſure, place I d from A to C, and thereon with the Diſtance 
I G deſcribe the Arch at f, a Ruler laid from A to touch the Arch gives 
the point h, B h 24 deg. 4 is the meaſure of I G, Eaſt Sonutherly, So that 
the Suns Azimath is S, E, 65 deg, +. 


P2oblem x11, 


The Latitude of the Place, the Suns Diclination and gAltitude being gi- 


ven, to find the hour from Noon, 
Example. 


In the Afternoon, in the Latitude 5 x deg, : North, the Suns Declina- 
tion is 20 deg, £ , the Altitude 43 deg. I demand the Hour ? 
Fig. 37 


Deſcribe the Semi-circle BZ C, and draw the Lines AZ, AP, A Q 
D F,andde, as in the 11 Problew; F G 1s theSine of the hour from 
fix, which to meaſureplace DF trom A to u, and thereon with the Di- 
ftance F G, ſweep the Archat K, a Ruler laid to touch the Arch gives 
thepoint 0, and Co 1s the meaſure of F G, 45 deg. which reduced into 
time gives 3 Hoar:, the tune Afternoon, 


” wt. 4 > 


Sucr, I 
Lhe Uſe of Gunters Scale. 


[ Shall not ſay any thing of the deſcription of this Scale, nor of the Pro. 

jection of the Lines thereon, being the Logaritbms of Numbers, Sines, 
Tangents, &c. placed upon a Scale. This is ſufhciently explained by 
Mr, Gunter, Mr, Wingate and others, 


To find a whale Number on the Line of Numbers, 


Among the figured Diviſions look for the firſt figure of your Number, 
then for the ſecond figure, count ſo many tenths from the long diviſions, 
on towards the end of the Rule, as the Unites in the ſecond figure amounc 
to ; then for the third figure, count from the laſt tenth ſo many Con- 
teſms asthe figure hath unites; and ſo likewiſe for the fourth figure, 
count from the laſt Conteſm ſo many milions ( or thouſands) as the ſame 
fourth figure contains unites ; this done, that ſhall be the point where 
the number propounded js repreſented on the Line of Numbers. 


The Namber given being 12, to find the Point on the Link of Numbers 
that doth repreſent the ſame. 


Therefore according to the Rule, 1 being the-firſt figure of this Num- 
ber, I take the diviſion at the figure 1-( in themuddle ofthe Line ) for 
the firſt figure ; then the ſecond figure being a, I count ewo tenths from 
that x, and that is the- Point repreſenting 12, where commonly there 
is a ſmall braſs Center, becauſe ir's often in ule. 


Suppoſe the print repreſenting 1 44 were required to be found upon the 
Line of Numbers. 


For the firſt figure in the Number being x, I cake ( as before ) the 


middle x ; then tor the ſecond figure, which 1s 4, I count 4 tenths on- 
| wards, 


[ 


.- 


ther, and that is the point repreſenting 144, 


To find the point repreſenting 1728, firſt ( as before ) for a thou- 
ſand, I take the 1 in the middle of the Line z ſecondly, for the ſecond 
figure being 7, I reckon ſeven tenths onwards, and that is 700 thirdly, 


for the third figure, being 2, I reckon 2 Centeſms from the 7 tenths, 
which repreſenteth rwenty z and then laſtly, for 8 you may reaſonably 
eſtimate 8 millions, or thouſand parts from the laſt Centeſm, and thar 
poine laſt found, will be the point repreſenting the number 1718, 


To find a Fraftion, or broken Number , on the 
Line of Numbers. 


\The FraRtions that are to be found on the Line of Numbers, ought 
alwayes to be Dzcimal Fractions, 1. -.;, 45553 ( or 1, 01, 001 ) cicher 
inches, feet, yards, pearches, or the like ; alſo in weight or time, or any 
other denomination, all other Fractions mult be reduced into Decimals z 
and being thus conſidered, they are expreſied: as whole Numbers upon 
the Line. 

Note, If you call x at the beginning of the Line, one tenth of any 
integer, . then 2 following muſt be two tenchs; 3, three tenths, ec. 
and the x in the middle, one Integer 3 2, two Integers, &c. and 10 at the 
end muſt be ten Integers. 

But if x at the beginning be one Integer, then x in the middle muſt 
be cen Incegers, and ten at the farther end 100 Integersz and all che 
intermediate figures,20, 30, 40, 50, 6o, 70, 80, 90, fo many Integers ; 
and every longeſt diviſion be:ween, as 21, 22, 23, 24 25, 26, cc. fingle 
Integers ; and the ſhorteſt of choſe divifions, renths ot thoſe Integers ; 
ad fo in proportion infinitely, a3 7, 1,10, 1, 10, 100,10, 100, 1000, 
100, I000, I0000, CT, 


P20blem. 1. 


Two Numbers being given, to find a third Geometrical proportional an- 
tothew:; and to a third a fourth, and toafourth afifth, &c, 


Examp/:. 
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wards, and from that tenth, I count 4 Centeſms, or hundred parts fur- 
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Example. 


Let the two Numbers given be 2 and 4, unto which it is required to 
find a third proportional, &c. Theretore tor the pertormance hereof by 
the Line of Numbers, extend che Compaſles trom one of the Numbers g1- 
ven to the other z this done, if you apply the lame extent either upwards 
or downwards from either of the Numbers propounded, the movable 
point ofthe Compaſles will [all upon the chird proportional required ; 
and (o the ſame extent being applyed the ſame way, from the third, the 
movable point of the Compaſles will fall upon che 4h proportional, and 
from the 4th to a 5th, &c. and ſo to more, as you pleale ; for if you ex- 
tend the Compaſles trom 2 to 4, and turn the Compaſies upw ak with 
| one point reſting on 4, the movable point will fall on 8, the third propor- | 


ms 
A Pt AGES A EET 


tional, and from 8 to 16, from 16 to 32, from 32 to 64, and {o torward. | 
| P2oblem. 11, 
One number being given to be multiplied by another number , to find 
the Produtt. ( 


To reſolve this Queſtion Arichmerically whether by natural or artifici. 
| al numbers, the proportion js ; AS 1 15 to the Multiplicand,(o is the Mul- 
tiplicator to the ProduRt. 


Example. c 

Let the Multiplicand 8 be multiplyed by 5 the Multplicator, extend _ 

the Compaſſes on the Line of Numbers, from x to the Multiplicand z the _ 

| ſame extent being applyed the ſame way from the Multiplicator, will cauſe - 
| the movable point to fall on the Product: for it you extend the Com- 
paſles from x to 8, the ſame extent the ſame way will reach from 5 to 40: 
and fo if you would now multiply any Number by 8, as the Compaſles 
now ſtand, it is but placing one toot in any number given, and the mo- 

vable point will fall on che Product; as it you place one foot in 9, the Ry 
the ws vo will fall in 72, and ſo from 8, it will fall in 64, and from 7 to 

56, and from 6 to 48, lo that the. Table of Multiplication may by this gl 
be ealily made ; the extent of the Compaſſes may be taken from 10, at 

the further end of the Line, which you may call 1. | F -» 

th; 

thu 
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P2oblem, 111, 


One number being given to be divided by another number, to find the 
Quotient, 

For the reſolution of this Problem, the Proportion is thus ; As the Di- 
viſor isto x, ſo is the Dividend to the Quotient, 


E x ample. 


Let 4 be the Dividend, and let the Diviſor be $ ; therefore extend 
the Compaſſes on the Line of Numbers from the Diviſor to x ; this done, 
the ſame extent the ſame way, (hall reach trom che Dividend co the Quo- 
tient, which is 5- 

| eAnother Example, 

Let 750 be a number given, to be divided by 2g ; therefore extend 
the Compaſſes downwards from 25 to x, then applying that extent the 
ſame way from 750, the movable point will fall upon 30, which is the 
Quotient required, 

Now to know of how many Figures any Quotient onght to conſiſt. 

It will be neceflary to obſerve how. many times the Diviſor may be 
written under the Dividend, according to the Rules of Diviſion, for of 
ſo many Figures ſhall che Quotient be compoſed, 

For Example, 12231 being given to be divided by 27, which ſaid 
vumber may be written according to the Rules of Diviſion, three times 


under the Dividend ; therefore ch: Quocent ſhall conliſt of three figures, 
and ſo of any other. 
P2oblem 1v, 


To three Numbers given, to find a fourth in a direft proportion, as in the 


Rule of T bree dirett. ng 
To reſolve this Problem, the proportion is thus ; As che firſt Number 


given is to the ſecond, (o 15 the chird number to the tourth, 

To perform this on the Line of Numbers, you muſt extend the Compaſl- 
ſes from the firſt number or tearm given, unto the ſecond 3 which done, 
that extent being applied the ſame way from the third tearm, will cauſe 
the movable point to fall on the fourth-tcarm required, 


Exwample.. 
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Example. 


If the circumference of a Circle, whoſe diameter is 7 inches, be 22 
inches z what circumference will a Circle haye, whoſe diamcter is 14 
inches ? 

Therefore extend the Compaſſes in the Line of Numbers from 7, in 
the firſt part thereot, unto 14 1n the ſecond ; this doue , the ſame cx- 
rent being applied che ſame way from 22, will make che movable pour: 
to fall upon 44 inches the circumference required, 


Example 2. 


Let the Circumference of a Circle be 22 Inches, and the Diameter 
thereof 7 inches, how much ſhall the Diameter of a Circle be, whoſe 
circumference 15 44 inches? 

Extend the Compaſſes downwards, from 22 in the ſecond part of the 
Line, to 7 in the firft ; which done, thac extent being applied the ſame 
way from 44, will reach to 14 the diameter ſought. 


P2oblemt. v. 


Three numbers given, to find a fourth tn an inverſed proportion, (or 
# the backer Rule of Three, ) poeny, 


To reſolve this Problem, the proportion 1s: As the third number is to 
the ſecond, ſo 1s the fuſt to the fourth, 


Example, 


If 60 men make a Trench in 45 hours, in what time will 40 men 
make ſuch another ? 

To perform this by the Line of: Numbers , extend the Compaſſes 
from the firſt of the Numbers given to the ſecond , having both the 
ſame denomination ; this done, it this extent be applyed backward from 
the third number, the moyable poine will fall upon che fourth number 
required ; fo that if you extend the Compaſles from 6O to 40 ( thoſe 
tearms being of the ſame denomination ) viz. oft men ; this done, the 
Extent 
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extent being applyed backward from 45, will reach to 67, 5, the fourth 
1umber you look for. I conclude therefore, that 45 men will perfor:n; 
2s much in 67 hours and an halt, as 60 men will doin 45 hours 


P20blem, v1, 


To three number: given, to find a fourth in 4 doubled or duplicate pro- 
ortion, 

"The uſe of chis Problem appears chiefly in proportions of Lines to 
Superficies, or of Superficies to Lines ; Now if the Cavntnadas of the 
firſt and ſecond tearms be of Lines, then extend the Compaſles from the 
firſt tearm co the ſecond, ( of the ſame denomination ) this done, tha: 
extent being applyed twice, the ſame way from the third tearm, the 
movable point will ſtay upon the fourth tearm required. 


Example 1, 


If the content of a Circle, whoſe Diameter is 14 Inches,be x54 inches, 
what will che content of a Circle be whoſe diameter 1s 28 inches ? 

Here 14 and 28 having the ſame denomination, viz, of Lines,I extend 
the Compalles from 14 to 28 ; then applying that extent the ſame way 
from 154 twice, the movable point will fall on 6 x5 ,the fourth proportia» 
nal ſought, that is firſt from x54 to 308, and from 3o8 to 616, 

Bur if the ewo firſt tearms have the denomination” of Area's, or Cone 
tents, and the Queſitum be a Line, then extend the Compaſſes upon the 
Line of Numbers, unto half the diſtance between the firſt and ſecond 
tearm of the ſame denomination z ſo the ſame extent will reach from the 
third tearm given, to the fourth required, 


Example 2. 


If the diameter of a Circle, whoſe Area is 154 inches, be 14 inches, 
what diameter will a Circle have whoſe Arca is 616 inches ? 

Divide the diſtance betwixt 154 and 616 into two equal parts, then 
let one foot in 14, the other ſhall reach to 28, the diameter requued, 


Ge P2ob. 
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P2oblem »11, 


Three numbers bring given, to find a fourth in a triplicate proportion, 


The uſe of this Problem, confiſteth in the proportion of Lines, Solids, 
& contra, 

If therefore the firſt and ſecond tearms have the denomination of Lines, 
(as the diameters of Circles, or the fides of ſolid bodies) extend the Com. 
paſſes upon the Line of Numbers, from the firſt tearm to the ſecond ; thus 
done, and that extent applycd three times the ſame way trom the other 
:2arm, will cauſe the movable point to fall upon the tourch rearm required, 


Example 1- 


Tf an Iron Bullet, whoſe diameter is 4 inches, weigheth 9 peunds, 
what is the weight of another Iron Bullet whoſe diameter 1s eight in. 
ches ? 

Therefore extend the Compaſles on the Line oft Numbers from 4 to $; 
which done, and that extent applied the ſame way three times from 9, 
che moveable point will firſt tall upon 18, then from 18 to 36, and 
laſtly from 36 to 72, the weight required. 

Burt if two given tearms be wks or contents of Solids, and the dia. 
meter or fide of a Square or Line is ſought, then Givide the ſpace be- 
rween the two given tearms of 'the fame denomination into three parts, 
and that diſtance ſhall reach from che third to che fourth proportional. 


E xample 2. 


If an Iron Bullet that weighe:h 9 pound be 4. inches diameter, what 
diameter ſhall the ſhor of Iron be, whofe weight is >2 ? 

Divide the ſpace between 9 and 72 in 3 parts, and that third part ſhall 
reach from 4 to 8,the diameter required. 


Example 3, 


| Alfoifa Cube whoſe (ide 156 Inches, contain 216 inches, how many 
inches ſhall a Cube contain whoſe fide is 12 inches ? 


To perform this Propohtzon, extend the Compaſles upon the Line of 
Numbe:s 
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Numbers from 6 to 12 that extent meaſured upon the Line of Num- 
b:rs three times, ſhall ar laſt fall on 1728. 


P2oblem v11r, 
To find the ſquare Root of any number under 1090000, 


The ſquare root of any number, is alwayes the mean proportional be- 
twixt I, and che number propounded ; bur yet with this general caution, 
viz, if the figures of the number be even, that is, a, 4, 6, 8, 10, &c> 
then you mult look for the unite, or one, at the beginning of the Line 
of numbers, and the number given in the ſecond part, and the Root in the 
firſt part ; or rather recxon 10 at the end to be the unite, and then both 
Root and Square will fall backwards rowards the middle, in the ſecond 
part of the Line ; bat it they be odd, then the middle one will be beſt to 
be counted the unite, and both Root and Square will be found from 
thence forward towards 10 ; ſo that according to this Rule, the Square ot 
9 will be found to be 3 ; the ſquare of 64, will be 8 ; the ſquare of 144 
ill be x2; cheſquare 1444 to be 38; the ſquare of 57600 to be 240; 
the ſquare of 972196, will be tound to be 986, And' to know how 
nany figures any Root ought to conſiſt of, put a prick under the firſt fi. 
gure, the third, the fitch and che feventh, &c. beginning from the righe 
hand, and as many pricks as are noted, {o many figures there mult be in 
the Root, 


P2oblem, I'xX. 
To find the Cubique Root of a Number under 1000900000, 


The Cubique Root is alwayes the firſt of two mean proportionals, be- 
tween x and the number given, and therefore will be tound,by dividing 
the ſpace between them into three equal parts, And to fi. ho'v many 
hgures will be in this Root, you mult prick under the firſt figure, the 
fourth, ſeventh, centh, beginning at the right hand ; and (o many prick 
as you find, {0 many figures muftbe inthe Root, which Root may be ca- 
hly tound, with theſe cautions, 

1, Itthe laſt prick tall on the laſt figure towards theleft' hand, then 
the Unite is beſt placed at x in the middle of che Line, and then che 

Gg 2 Cube 
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Cube and Root will both fall forward toward 10 at the end of the 
Line, 

2 If the laſt prick fall on the laſt figure but one rowards the left hard, 
you may place the unice at I in the beginning of the Line, then will che 
Cube and Root both fall in the ſecond part of the Line between x in the 
middle, and ten at the end of the Line, 

If the laſt prick fall on the laſt figure but two, then alwayes place the 
unite at I at = end of the Line, and then che Cube and Root will both 
tall backward, and be found in the ſecond part of the Line of Numbers, 

Theſe Notes being obſerved, the Cube Root of 1728, will be found 


to be 12.3 and the Cube Root of 17576, will be 26 ; and the Cube 
Root of 438976, will be found 76; and the Cube Root of 812060 I, 
will be 10x 3 the Cube Root of 1 L 390625, will be 225 ; and laſtly, 
of 513922402, will be tound to be 89x, 


P2oblem. x, 


How to work a proportion in Sines alone; or, three Sines buing given, to 
find a fourth proportional. 
Example, 


As Sine 222 45?, to Sine 47* 30f, SoisSine 23® x57 roa fourth Sine 
xequired, | 

This Problem is wrought on the Line of Sines, as the 4th Problems is on 
the Line of Numbers, Take the extent from the Sine 22* 45” on the 
Line of Sines, to the Sine of 47* 307; the ſame extent ſhall reach the 
ſame way, from the Sine of 23* x5” to the Sine 482 5</, the fourth Sin: 


required, 
P2oblem x27. 


How to work, 4 proportion #n Tangents alone ;, or, three Tangents being 
given, ts find a fourth proportzoxal. 


Example Is 


As Tangent 42* 4, to Tangent x5* 20f, $o is Tangent 39* o8/ 
rwothe fourth Tangent requued, | | 
This 


a. ads a a a Ai 


| Problem on the Line of Sincs, 

Extend the Compaſles on the Line of Tangents, from the Tangent 42? 
44 co the Tangent 15* 2c/, the ſame extent ſhall reach the ſame Ways 
trom the Tangent 39* 08/ co the Tangent 13® 3c required, 


Example 2. 


6A Tangent 14* 58%, to Tangent 39" 15%; So T angent 4.7” 18/ 
'#a fourth T angent required. 


On the Line of Tangents, the Tangents above 45* encreale from 45* to 
46*, 47* to $0,509", &c. backwards towards the beginning of the Line : 
cherefore in worxing this proportion, the ſame extent that reaches trom 
14* 58/ ro 39* 157, ſhall reach the contrary way from 479 18/ to 732 
117, the fonrth Tangent required. 


Example 3, 


As Tangent 21* 30!, to Tangent 37* 20 ; So us Tangent 42* 
49, to a fourth Tangent required, 


The extent from the Tangent 21 deg. 30 min, to the Tangent 37 deg, 
20 min. if applyed che ſame way, from Tangent 42 deg. 4o min. will tall 
beyond 45 deg. at the end of the Line ; therefore to remedy this inconve. 
niency,having the diſtance derween Tangent 21 deg. 30 min, and Tang. 
37 deg. 20 min. place one point of your Compaſſes in the Tangent 45 
deg. and ler the other point fall backwards towards the beginning of the 
Line, and it will reſt on the Tangent 27> deg, 20 min, This point let re- 
main fixed , and cloſe the other point which ſtands in 45 deg. to 
the Tangent 42 deg. 40 min, then keeping this diſtance, place one 
point in Tangenc 45 deg. the other will fall upon the Tangent 6o deg. 
45 min, required. 


P2oblem, x17, 


How to work_« proportion in Stnes and Tangents toguther, 
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This Problem is wrought on the Line of Tar gents, as tlic former 
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Example '3 


A: Sine 22 deg. 30 min. to Sine 37 deg,19 min.So 1s Tangent 19 deg. 
49 min,to a fenrth Tangent required. 


The extent on the Linc ot Sines from 22 deg. 30 min, to 37 deg, 19 
min, ſhall reach on the Tangents from 15 deg, 40 min. to 29 deg, 25 
min, required. 

Example 2, 


As Tang. ( ompl. 60 deg. 15 min, to Sine 56 deg, 45 min. So 4: 
Radins, toa Tangent required. 


Becauſe there is a Tangent in the firſt place of the proportion, and 
likewiſe a Tangent in the tourth, therefore this proportion mult be 
changed, by putting Radius in the firſt place z and in ſtead of the Tang. 
Compl, in the firſt place, take Tangent 60 deg, 15 min. ( if it had been 
a Tangent, you mult have taken the Tang. Compl,) and then the propor 
tion will remain thus : 

As Radins, to Sine 56 deg, 45 min. So 1s Tangent GO deg. 15 min. 
to the Tangent required, 

The extent from Radius, Sine go deg. to the Sine 56 deg, 45 min, on 
the Sines, thall reach from Tangent 60 deg. 15 min. to Tangenc 55 deg. 
49 min. required. 

Example 3. 


As Radins to Tangent Compl. 69 deg. 15 min. So # Tangent 55 deg- 


42 min. to a Sine required, 


This proportion muſt be changed, becauſe there is Radius or Sine go 
deg. in the tirſt place, and a Sine required. Inſtead of che Tang, Compl, 
Go deg, 15 min, take the Tangent 60 deg, 15 min. and put Radius zn 
third place, and fo the proportion follows. 

As Tangent 6of 15*, to Tangent 55 deg, 40 min, So 15 Radius to the 
Sine fought. Therefore the extent from the Tangent 60 deg. x5 min. to 
Fang. 55 acg. 40 min. ſhall reach from Radius or Sine 90 deg, co Sinc 
56 deg, 45 min, required, 


P20bl, 


P2oblem x117, 


How to work, Numbers and Sines together, 
Eximple, 
As 56, ts 106; So 1s Sint 29 deg. 30 min. toa Sine required, 


Excend the Compaſſes on the Line of Numbers, from 56 to 106, the 


ſame extent ſhall reacb the ſame way on the Line of Sines, from 29 deg, 


39 min, to 68 deg. Fo.min. required. 


P2oblem, xv. 
How to work, by Numbers and T angents together, 


Example. 
A's 202, tog2; Sors Tangent 73* 52), to a Targent required, 


The Extent on the Line of Numbers, from 202 to 52, ſhould reach 
the fame way on the Line of Tangents from 73 deg, 52 min, to the 
Tangent required ; but the Compaſles fo extended fall beyond the end of 
the Line, therefore this defect mult bgremedied, as in the third Example, 
Problem 12, by placing the ſaid extentin Tangent 45 deg. and letring 
the other point fall backwards in che Line 3 which being fixed, cloſe the 
other point to 73 deg. 52 min, and then placing your Compaſles again 
in 45 deg. the movable point thall fall on 41 'deg, 37 min. the Tau- 
gent required, 
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being divided into 90 , qu parts or degrees, is numbred with 10, 25, 


SECT, III. 


The Delcription and Uſe of the Sint 
cal Quadzant. 


HIS Inſtrument is commonly made of Braſs, Box, or Pear-trce, 
| being a Quadrant, or fourth parc of a Circle ; the Limb thercot 


39, 40, Cc. unto 90 ; and allo 15 divided into 8 equal parts, which arc 
the Points of the Compals, and doth repreſent any of them, according a: 
che nature of the Queſtion requireth. 

The two fides thereof are commonly divided into 60 ( or ſome- 
times into 100 ) equal parts, and numbred from the Center with 10, 20, 

O, (Fs 
: Likew iſe there is an Index that moveth upon the Center of the Qua- 
drant, and reacheth without the Limb, alwayes divided with the {ame 
equal parts as the fides, ad numbred as before, 

And from thoſe equal pa:ts on the f1des, are drawn Parallels through. 
out the whole ſuperficies of the Quadrant, cxolling one another at right 
Angles, 

; the Lines of the fives and tens, are commonly prickt for diſtin&ion 
ſake;which ſaid Lincs and Parallel> gle repreſent the Sines,and Sine Comp, 
of any Arch, ( divided into <qual parts ) | which I ſuppoſe is the rea- 
ſon why it 15 called a Sinical Quadrant. | 

But here note, that theſe Parallels that proceed from the fide A B, (in 
the-figure of the Simical Quadrant ) are tor diftirCtion called Sinical Pa- 
rallels, and thoſe Parallels chat proceed from the fide C D, are called Ce 
Sinical Parallels, 

Now theſe diſtinCtions being obſerved, we ſhall proceed to the Uſe, in 
the Solucions of ſeveral Problems in Navigation, and in working a Tra- 
verſe at Sea, Fc. : 
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Mer 
Index to the fifth Rhomb, which being done, 
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Departure ; and iu the (o-Sinical Parallels * will cut 37 5, which 


is che difference of Latitude. 
13;oblem, 17, 


Courſe and diffrence of Latitude being given, to find the diſtauce rus, 


6 from the Meridian. : 
an8 departs Ck the fifth Rhomb, difference of Latitude 25 Leagaes, 


Set the Index to the Courſe, and find che Difference of Laticude in the 
Co- ſinical Parallels, and where that doth interſect on the Index, is 45, 
which is the Diſtance required z, and where it doth meer the Sinzcal Pa- 
rallels, there is 37 | Leagues,the Departure from. the Meridran. 


P2oblem, 111, 


The Conrſe and Departure being given, to find the Diſtance and differ- 
ence of Latitude. 
Comrſe the fifth Rhomb, Departure 37 7, Leaguer. 


Set the Index to the Courſe found in the Limb, and in the Simcal Pa. 
rallels find the Departure 37 5, ( being numbred in the Margent ) and 
where it doth meet with che Indexin the ſame poſition, it ſheweth the 
Diſtance run to be 45 Leagues ; and where it meeteth with the Co-ſnical 
Parallels, there you will find the difference of Latitude to be 25 Leagues, 


*_ Pzoblem xv, 


The Diſtance and difference of Latitude being given, to find the Cour(: 
and Departure, 


Diſtance 4.5, difference of Latitude 2 5 Leaguer, 


Firſt, Find the Difazce run upon the Index, and then move the Tn- 
dex until it doth interſe& the difference of Latirwde in the Co-/tnical Pa- 
rallels ; and at this poſition of the Index, look in the Limb, and chere you 
will fiad the Courſe to be the fifth Rhomb,which was required; and wherc 
the Co-fimcal Parallel of 25 doth meet with the Sinical Parallel under 
the 


dian, which is 37 { Leagues, on the fide C D, 


P2oblem. v. 


The Diſtance run, and Departure from the Meridian being given, to 


find the Courſe and diſſerence of Latitude. 
Diſtance 45 Lraguer, Departure 37 Leagues. 


Firſt, Find the Diſtance run, on the Index, put that to the Departure, 
inthe Sinical Parallels, and that point ſhall cut in the Co. ms Parall:l; 
the difference of Latitude,2y Leag. and the cdge of the Index ſhall ſhew 
in the Limb the Conrſe, which is the fifth Rhomb, which was required, 


P2oblemt, v1, 


The difference of Latitude, and Departnre from the Meridian being gi- 


ven, to find the Courſe and Diſtance. 
D.ff. Lat. 25 Leagues, Departure 37 7 Lragnrs. 


Firſt, Find the diftzrence of Latitude in the Margent of Co-ſinical Pa- 
rallels, and alſo the Departure in the Margent of the Simcal Parallels ;, 
and note where thoſe Parallels meet each other, in that point put the In- 
dex : then on the edge of the Index ſhall be cut 45 deg. the Diſtance, 
and on the Limb the edge of the Index will ſhew the fifth Rhowb which 
was required. 


P2oblem, v11. 


To know how many Leagues you mnſ} ſail upon any point of the Compaſs, 
l0raſe or depreſs a degree of Latitude by the Simcal Quadrant, 


To perform this, you muſt lay the Index upon the point of the Come 
paſs, and ſee where the Co-ſinical Parallel of 20 Leagues (which is one de- 
gree in the EquinoRial ) doth interſeR the edge of che Index, there will 
be ſhewn the quantity of Leagues you muft fail to raiſe or depreſs the 
Pole upon any point ot the Compaſs, q 

| Hh 2 At 
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the edge of the Index, that will ſhew youthe Departure from the Ayr;- 
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eA's for Example on the third Rhomb. 


If you lay the Index on the third Rhomb, the Co-finical Parallel of 
20, will (hew 24 Leagues, which you muſt fail on that point, to raiſe or 
depreſs one degree of Latitude z and that point on the Index will ſhew in 
the Sinical Parallels, the departure from the Meridian to be 13 Leagnes 


x Mile, 
P2oblem, vie, 
Shewing the Hſe of the Sinical Quadrant in working a Trautrſe at Sea, 


The Sinical Quadrant 1s a plain and ready Inſtrument for this purpoſe, 
and is commonly imployed for the working of ſhort Traverſes art Sea; 
Fle give one Example of 24 hours run, in the mannec as 'tis uſually plac'd 
on the Log-Board, and how it may be taken oft and wrought by this Iu- 
ſtrumenc, 

Example. 


Admit a Ship at Sea, and bound co the Northward, ſteers away her 
Courſe North Eaſt, but then meeting wicha contrary and ſhuffling Wind, 
ſhe makes ſeveral Courſes, as is here-under expreſſed in this Table, attcr 
the form of a Log-Board. 


HK HK|F C w 

$1 81 o0 | © N. E. | N.W. 
| 4| 3| 2 | o| E.N.E. |N.: E. 
—— x T7. -- 
Ss! 311 © | © 

1] 3j x | o| "E,*N. |N.N.E 
i2] 4! © | © 

2 A "0 6 
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In this Table there are fix Columns ; The firſt diſtinguiſhed with H, 
ſhews the time, or hours, at which theſe Courſes and Diſtances are thus 
ſer down upon the Log-Board, that '1s at 2 o'th Clock, 4 oh Clock, 
6 o'th Clock, &c. the Log being commonly hove every rwo hours, 

The ſecond, third, and fourth Columns ſhew the Knots, half Knors and 
Fathoms that the Ship runs upon any Courſe in the ſpace of half a mi- 
nute, meaſured by a halt minute Glaſs, 

The fifth Column contains the Courle ſteerd by the Compals, the true 
walk that the Ship makes, being left to the diſcretion ot the Cal- 
culator, to be allowed according to the mould of the Ship, ard che 
Gail (he bears; and alſo haviag reſpect ro the Wind and Sea ar che 
ſame time, 

The ſixth Column ſhews upon what Point of the Compals the Wind 
is, and manifeſting wherher the Courle be Large or upon a Wind, 


Thus much for the form of the Log-Board, and the manner of ſet- 
ing down the Courſes and diſtances thereonz now fomew hat brietly, 
how to take cff ( as they call it) this account- from the Log-Board, 
thereby to compute the Ships true Courſe and Diſtance by the Sinical 
Quadrant, Or other Inftramental or Arichmeccal Calculation. *Tis 
uſual for the Maſter, his Mates, and all other that are dcfirous to keep 
2 Reckoning of the Ships way,cvery day at Noon when the Ship 1s a: Sea 
to take an account of the ſeycral runs upon the Log. Board, for the 24 
hours laſt palt, taking notice of the Wind and other Accidents, allow- 
ing for every Knot and'halt Knot, ſo many miles and half miles run jn 
one hour, and ſevur tiraes fo many in a Watch, or tour hows; 2nd b:- 
cauſe *ris uſual to heave the Log but rwicein 2 Watch, or every two 
hours, and the Courle and diſtance fet down accordingly ; theretore the 
Knots and half Knots 10a the Log-Board, tor cach Courle :ult be a 1d. 
cd together, and the total double gives the Number of Mile: upon each 
reſpective Cow ſe : As for inſtance, in this example in tne Tabl:, w.d:r 
the Letters of diſtin#tion ( viz. H,K, HK, &c.) in the hilt Paralle/. 
you will fiad 4 Knots N, E. which being doubled, gives 8 Miles, rhe 
Diſtance upon that Courle : But now for the more orderly working che 
24 hours run, us convenient tO frame a Table, after the form of thi- 
here annexed. 


The 


Wa Wl 


23$ 10oW to Wozk a Traverſe 


The Operatim of theſe Traverſes by the Sinica! 
Quadrant, 


1, The firſt Courſe is North Eaſt 8 miles, the wind Large, there. 
fore lay the Index upon the tourth Rhomb, or 45 degrees trom the Me- 
ridian, you ſhall find the Diſtance run 8 miles upon the Index, to in. 
cerſect at 5 5, in the Co-ſinical Parallels, which is the Northing, and is to 
it. j be placed in the North Column, and to cut 5 © in the S;nzcal Parallels, 

| which is the Eaſting, to be placed in the Eaſt Column, and the reaſon 


t why the difference of Latitude and Departure now found by the Sinical 
| Quadrant, is ſet under the North and Eaſt Columns, is becaule che 
ili | Courle is between the North and the Eaſt, 
[| 1 
i | Sh : 
It | A Table of the Northing, Southing, Eaftins 1 
117 and Veſt ing of theſe Courſes found by the 
| Sinical Quadrant, ; 
1 i 
i} } - Wd ! 
| ' Couric. | D.:(}, N. S. E. | W. [ 
if | | mils. ales, | miles, | miles, miles, : 
ll | 4: oO8 Or | TH Þ 
EEwN wo | 5 
in = S4 WW 4 ? 24 | fere, 
! | S.E.by B.: 1 21 10 18 
| i N.N.W.;W., 19 17 9 
it 1 Sum | 26 | 14 66 
# 1M I4 5 | O09 O9 
BY; Diff. of Lar. | No. | 12 & | 57 | E. | 
'F - 


1 2. The ſecond Courſe is North and by Eaſt 19 miles upon a Wind,the 
| Courſe ſtcered 1s Eaſt North Eaſt, the Sbip lying within F- points of 
the Wind, and allowing one point for Lee-ward-way, the erue Courſe is 

|} a5 before Eaſt and by North z Therefore place the Index to the ſeventh 
[ point, or 78®} trom the Meridian, and by 19 miles, the Diſtance, there 
will 
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will be cut 5 4 miles, in the Co-ſimical Parallels, which is the Northins 
and 18 miles 1n the Synccal, which 15 the Eaſting. 0 

3- The third Courſe is (allowing, as before, one point for Leeward- 
| way) Eaſta* point Southerly, and the dittance 24 miles; therefore lay 
the Index to 7 * points,or 84 deg. 41, and by 24 found on the Index, hall 


" be cut 4 4 in the Co-(imcal Parallels, which 15 the Southing, a-d 24 fers 
| in the Simcal,which 1s the Eaſting of this Courſe and diſtance, And what 
* | hath been (aid of thele three Courles, the ſame 1s to be underfiood of all 
0 |. thereſtin the fore-going Table, giving che ſame allowance as vetore, the 
q | Ship being (till by a Wind. 

al 


Having thus therefore, according to theſe Jaft Inſtances, found the 
'© |; Northing and Southing, Eaſting and Weſting of theſe ſeveral Courſes, 
and Diſtances, and placed them in their proper Columns z ſum up the 
miles in thoſe Columns, and orderly ſubſcribe their coal, as in this 
Example, 
The ſum of the North Column, is 26 miles; of the South Column, 
14:; of the Eaſt, 66; and of the Welt. 9 milcs, 
} Then compare the North and South Columns together, aad alto the 
© Eaſt and Weſt ; and deduRt the lefler from the greater, as in the fore-go- 
& ing Table 3 the Southing is to be ſubſtracted trom the Northing, and the 
7 Weſting from the Eaſting ; th: Remainder Northerly 12 5 miles is the 
® cifference of Latitude z the Refdue under the Eaſt Column 57 miles, is 
© che departure to the Eaftward of the Meridian. 
* Andifthe dire& Courſe, and nearcſt Diſtance, from the place where 
# the Ship began this Traverſe, to that where ſhe now 15 *ſuppoſed to be, 
were required, *tis readily computed by the Sinical Quadr, And to per- 
*form this, find where 12 2 in the Co-fomical Parallels 1nterſeRt the Stmical 
7 Parallel of 57, and bring the Index to that Point, and by the Index 1n the 
ILimb ſhall be ſhewn the Angle of the Courſe 78 deg, fere, or 7 points 
#from the Meridian, viz. E. by N, and the Diſtance run, found on the In- 
"dex, will be 58 mules. 
Y Aid thus afcer the form of this firſt Example, you may find the difler- 
tence of Latitude, and Departure trom the Meridian of any 24 hours Tra- 
the Þ erſe, and likewiſe reduce it ro one Courſe and Diſtance. 
of BB And whatis here in particular applyed to the Sinical Quadrant, the 
els ame is to bencderſtood of the other Inſtruments, 1t being ovly a reperi. 


nbd ub Re cen rene 


nth Sn off the fir(t Caſe, by the Conrſe and Diſtance given, ro find the Dif- 
ere Bfrrexce of Latitude, and the Departure, which found, is orderly to he pla. 
by &d in a Table, as in the fore-going Example, Uaving 
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Having ſpoken ſom?what of the Log- Board, and of the 
Uſe thereof , I think it not amiſs here to ſay ſome- 
thing of the Log- Line and Half -minute Glaſs, 


An Advertiſement concerning the Log- 
Line, and Half-minute Glaſs, 


Sceing that the manner of keeping a Reckoning of the Ships way ( by 
our Engliſh Navigators ) 1s commonly by the Log-Line and half-minutz 
Glaſs, and there ought to be great care had co che Truth of them; but it 
hath been an antient Cuſtom to meaſure ſeven tachom between knot and 
knot upon the Log-line 3 which way of meaſuring hath been grounded 
upon a meer conjecture, that 5 of our fect make a pace, and a thouſand 
ſuch paces make a mile, and chat 60 ſuch miles make a degree; ſo that a 
degree ſhould contain 300000 of our feer, and one mile ( or minute ) 
5000 teet 3 aud becauſe-an half minute of time is the x20" part of an 
hour, the Log-line ſhould anſwer co chat proportion, and be the 120"! 
part of a mile, which by this account is 41 } teer, between each knot on 
the Log-line. 

But this erronious computation hath been ſufhciently refuced by Mr, 
Oughtred, Mr, Norwood, and others, 

Mr. Oughtred in his (ircles of Proportion, pag. 15 3, doth there pro. 
poſe 66 ; Statute miles co anſwer to one degree upon the Earth, each con- 
raining 5280 feet ; ſo that according to this compucation there 1s 349809 
Engliſh feet in one degree. 

And Mr, Norwood in his Seamans Prattice pag. 43, doth declare, That 
( by a worthy and commendable Experiment of his ) be fownd a depree of 
the Circumference of the Earth and Sea, to contaty 367200 of our Engliſh 
feet, Bur he turther conlenteth, That becauſe the Ships way ts more, than 
doth really apprar by the Log-line, and becauſe it is more ſafe to bave the 
Reckoning to be ſomewhat before the Ship, together with the evenneſs of 
Number, to allow bnt 369900 feet to be one degree, and conſequently 6099 
Engliſh feet to be one munute or GOth part of a Degree ( vnlgarly called a 
m le) which Number being divided by 120, piverb 50 foot between knit 
end kyo; on the Log-line ; ſo that upon this ground, if a Ship runntth out 


00! 
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one of theſe knots in half a minute, ſhe runneth one mile ( or the ſixtiath 
part of a degrte ) in an hour, or one Leagne and one mile in a Watch ( vr 


£ 4 hours.) - 
But notwichſtznding Mr. Oaghtreds Aſſertion, and eſpecially this Ex- 


p:riment of Mr. Norwoods, together with the conſent and approbation of 


Mr, Collins and other accomplithed Mathematicians in their Books of Na- 
vigation, hath ſufficiently detected this Error ; yer this Truth hath not 
had that entertainment, as the excellency thereot hath deſerved, becauſe 
Cuſtom hath ſo long prevailed againit Reaſon, 

Mr. Norwood in his fore-mentcned Book, hath efligned ſome reaſons 
why he ſuppoſeth this error hath been fo long received and tolleratcd ; I 


. : . 
' ſhall forbear to mention them, referring you to the Book ut ſelf, Bur 1 
* ſhill align one Reaſon more which 1 have obterved from. cxpericnce, 
q wh:ch I hope will in ſome mea'ure help to prove the Truth of Mr. Nor- 


words Experiment, and that the Log. line (-as commonly divided ) may 


s be proved to be roo {horr for true meaſare 3; tor I have obſerved, that if 
| a half. minute Glaſs be made of 1is due length, and according to true 
_ time, that then their reckonings intollerably out-run the Ship; and they 
') continually complain, that thote Glafles are too long Bur it they tave 
- a Glaſs that js 5 ieconds ſhorter than true time, they do reaſonably well 
l agree with the Log-line in their Recxonings, becauſe one Error doth coun- 
" terpoiſe another, viz, ſhort meaſure and ſhort time, yet notwithſtand= 
mg this concurrence and athnity there 1s between this Log-line and ſhort 
a half- minute Glaſs, ir is apparent that they are both errours, and therc- 
| fore to be rejected : for I luppole it would quickly appear, that it the Log- 
_- line were of its due length and meaſure (3,e,) 50 foot between each 
ah knot, and the halt-minute Glaſs of its due length, according to true time, 
hs there would doubtleſs be a greater harmony and concurrence ot cruth, 
and Navigation be of more certainty than it 1s, 
- So that now it doth plainly appear, by this above mentioned Obſerva- 
y tion, that the Log-line, as commonly divided, 1s too ſhort, according to 
Jl Mr, N2rwoods Experiment, hecauſe the neceſli:y of Keeping a CONCUrrence 
h, in the Reckoning, 15 by a Glaſs that 15 too ſhort by 5 ſeconds tor the rue 
we time ot halt a minute, or 30 ſeconds. 
L Bur here I thall give you a Rule to prove whether a half-minute. Glaf; 
oh be of true leny:h or noc, the way 18 gcncrally approved to be very true, 
- and what I have many tics made Experience of, and can atteſt it by 
a my own knowlec 7c. The Experiment 1s menttoued by Mr, Phillips, 1n 


his Advancement of Navio4tion, aud 15 thu $9 be peitormed, 
11 Ax 


— ——— — O— 
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An eaſit and exaFt way to meaſure a Helf -minute Glaſs, 
or any ſmal portion of time. 


Take a Bullet of any weight whatſoever, and make faſt a piece of 
thread or filk to it, being 38 5 Inches in length, from the Center of the 
Buller, unto the end of the thread, where a nooſe muſt be made to haug 
it on a ſmall Pin, which is to be faſtened to any place where the Buller 
may {wing freely. 

This Pexdulum being thus prepared, hang his nooſe on the Pin, the 
thread being exactly 38 4 Inches berween the Center of Gravity, and 
the Center of Motion, each of the ſwings of this Buller (being either 
{wift or (low) ſhall be a true ſecond of time; So that 60 of theſe ſwings 
will be the true length of a minute, and 30 the true length of halt a min, 
So by this ingenious Experiment, you may know which of all your half 
minutes is a true Glaſs; and if you have no Glaſs, you may meaſure any 
ſmall portion of time by this Experiment, tor halt a ſecond of time is dil. 
covered every time the Pendulum doth paſs the Perpendicular, that is ſuj- 
poſed to fall from the P;n whereon the Pendu/ym doth hang. 

Bur if it ſhould be objected, that ar Sea, when the Ship is thrown to 
and again by the violence thereof, that then the /;brations of the Pendn- 
lum may by that means be obſtructed, and ſo the ſwings to be uncertain. 

A Remedy there is proved againſt this, by making the thread 7 inches 
ſhorter, and there to make a ſmall knot, which knot you are to hold be- 
tween your finger and thumb, and then with a motion of your hand to 
cauſe the Bullet alwayes to aſcend to an Angle of 60 degrees ( from the 
Perpendicular ) and ſo ſhall cach ſwing be equivolent to thoſe before z 
So that if a Ship be rofled with the violence of the Sea, yet a man may 
make ſhift to try this Experiment, and to meaſure a true half-minute ot 
time without the help of a Glaſs, 


rc 


SECT, IV. 


The Deſcription and Uſe of the Plat 
in Plano. 


Heſe Plats are commonly drawn upon Vcllom, and paſted upon 

Boards z in the middle of the Plat is a Center, upon which there is 

an occult Circle deſcribed, which is commonly divided unto 16 or 32 parts 

or points z ſo by every one of theſe points ( trom che Cencer ) are drawn 

ſevcral Lines quite chrough che Plar, repreſenting the Rhombs or Points of 
the Compaſs, necclary for the Ule chereot. 

Then is the faſhion and form of the Land portraied npon it, and curi- 
oully ſet off with lively Colours ; and alſo a Scale of Leagues co meaſure 
the Diſtances of Places, 

There.is alſo a Meridian Line equally divided upon the Plat, which 


” diſcovereth the Laticude of any Place ; The ſeveral Utes follow. 


The Uſe of the Plat. 
I. To find the Latitude of any Place upon the Plat. 


Take your Compaſſes, and ſer one foot in the place required, and ex- 
tend the other foot to the neareſt Diſtance of an Eaſt and Welt Line, and 


| note where rhat Line doth cut the Meridian Line ( that is divided into 


degrees ) then ſet one foot where it interſets the Meridian Line, and the 


| other Foot will reach upon the Meridian Liae,to the Latitude of the place 


FECUL <”M, 
2, To find the Diſtance of one Place from another. 


If the Diſtance required be leſs than the length of the Scale, then 
take yvp1 Cornpalles, and ſer one foot in one of the places, and the other 
foot in </3e vcher place, then with chat, extent between your Compatles 

Iiz aPPay 
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apply to your Scale of Leagues, and then you will find the meaſure of 
the Diſtance of the two places. 

But if the Diſtance berween the two places be greater than the length 
of the Scale,then firſt extend your Compaſles upon the Scale to the whole 
Length thereof, and with that extent, ſer one foot in one of the Places re. 
quired, then dire&the other foot rowards the other place by the help of 
a Scale or Ruler in a right Line z and if the diſtance be very great, you 
mult turn the diſtance berween the Compaſies over and over, until you 
come to the other place required ; and it ic falls out thar the laſt extent 
doth fall over the ſecond place, you mult then, from the laſt place where 
the Compaſs ſtaycd, draw 1n the other point, until it touch 1n the place 
required, and mcaſure that upon the Scale of Leagues. As ſuppoſe your 
Scale were an 1co Leagues, and it you turn the Compaſles two or three 
times over, then is the diſtance fo many 100 Leagues, and that ſmal di- 
ſtance more ; which being meaſurcd upon the Scale, it giveth the odd 
Leagucs, and ſo conſequently the Diltance required, 


3. To find upon what Point of the Compaſs one Place bearath from 


another. 


If from the ewo places propounded, there be a Rbomb-Line that lietn 
directly trom place to place, then 1s there no more trouble in it, but to 
look upon the ſmall Compaſs upon the Plat, and ſee upon what Rhomb it 
is that they bear one from mo 

Burt in caſe a Rhomb-Line doth not he fo direct from one place to ano. 
ther, then extend your Compaſſes from the firlt place in the neareſt di- 
Gance to the next Rhomb-Ltine, that you imagine in your judgement ly- 
th nearc{t a Parallel trom place to place, and upon that Rhomb-Line run 
your Compaſles along, till the other point (being at right Angls with it) 
doth reach the other place, and that Rhowb-Line. is the true point of 
bearing the one from the other, 


4+ To keep a Reckoning upon the Plate of a whole Voyage, 


Firſt, It is to be underſtood, that you -are to keep a Reckoning” of 
every dayes work, citber by the Tables, or your Sinical Quadrant ( as 
you are betore taught ) or any other way neceſſary for ſuch a purpoſe ; 
and alſo to caſt up all your Traverſes for one'or more dayes : and then 
aftcr you have fo done, and broyght ut to the neareſt truth you can, oh 

enez 
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ther by Obſervation or otherwiſe, then you are to ſet off your work up 
on your Plat, ſo that the Place where your Ship is, may appear to your 
eye for the ſatisfaction of your mind, and tor the information of your 
judgement. 

As ſuppoſe that you Sall from the Lizard South-Eaſtwards; then from 
that very time you begin to keep your Reckoning of your ſeveral Conry- 
ſes and Diſtances,uutil you have lome convenient tune to calt up ali your 
work, to find the difference of Latitude, and your Departure fro the 
M:ridiai of the Lizard. The difference of Laticude we will ſuppoſe to be 

., and the Departure to be 50 Leagues, which z degrees you muſt ſub- 
rat from the Laticude of che Lizard, which we ſuppole co be 50% of 
North; ſo that the Latitude that the Ship is now in, 1s 47* 1c, and 50 
Leagues to the Eaſtw ards, 

Therefore to ſet the place of your Ship upon your Plat, you mult uſe 
two pair of Plat Compaſſes, with one pair take the exteat between the 
Latitude of go? 004, and 47* 107; and ſer one paint of your Compaſſes 
in the Lizard, and extend che other point towards the ſecond place, bur 
{0 that your Compatſles may ſtand Parallel co a North and South Line, 
which may be cafily tound with the other pair of Compaſſes, by crying 
whether the Leggs be equidiſtant from che next North and Soruth Lige; 
this done, keep one foot of your Compaſles in that point, and with the 
other pair, take che departure 50 Leagues from the Scale of Leagues, then 
a] wan. your Compaſles, placing theſe laſt pair, in the point where 
the other pair ſtood, ſet this Departure 50 Leagues to the Eaſtward ; 
and ſo that your Compaſſes may ſtand Parallel to an Eaſt and Weſt Line, 
which you may try, as 15 ſaid before ; the ſecond point thns found upon 
the Plat, 1s the place of the Ship, (according to your Reckoning ) which - 


was required, 


Tha much for the Plat according to Plano, 


SECT. V. 


The Uſe of the True ( commonly called 
Mercato2s ) Chart. 


| Shall not here mention the projeRtion of this Chart, it being largely 
handled by the firſt Inventor Mr. Edward Wright, in his Correftion 
of Errors, only here ſhew very briefly, che ordinary and moſt neceſlary 
uſes of this Chart. 


* 


1, To find the Latitude of any Place in theſe Charts, 


This Operation upon theſe Charts, is in all reſpeRts like that which has 
already been delivered for the ſame purpoſe, in the Uſe of the Plat, or 
plain Sea Chart ; for if you ſct one po1nt of your C ompaſles in the place 
whoſe Latitude is required, and open them in the thotteſt Diſtance to the 
nex: Eaſt and Welt Line, obſerving where ir interſects the graduated Me- 
ridian, and then place one point in that interſection, turaing your Com- 
paſſes upwards or downwards, according as the place hes, from theFEaſt and 
Weſt Line, and the movable point ſhall ſhew upon the ſaid Metidtanche 
Latitude of the placerequired, Suppoſe the Latitude of Uhant were re. 
quired by this Chart ? | 

If you take the neareſt extent to an Eaſt and welt Line, ard place that 
diſtance from the interſeRtion on the graduated Merichan, as is b<tore 
direRed, you will find the Latuwde of Kſhant to be 48” 307 Nortie:ly, 


2, To find the Longitude of a Place, and conſequently the difference 
of Longitude in degrees, between any two places ſcituate 


upon the Chart. 


To find the Longitude of any place upon the Chart, {et one point of 
your Compaſles in the ſaid place, and take the neareſt diſtance to the 
next North or South Line, and obſerve whcre this Line interſe&s the 
Equinoctial, and keeping the lame extent in your Compaſles, place one 
pong 
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point in the Interſection, and curning the Compaſſes the ſame way, that 
the place whoſe Longitude 1s ſought lies from the North and South Line, 
the movable point reſting in the Equinoctial, will ſhew the Longicude 
required, : 

St-ppoſe the Longitude of the Barbadoes were required. . 

If you place the point of your Compaſles in the Iſland of Barbadves in 
the Chart, and take the ſhorceſt extent co the next N rh and South Line, 
placing the ſame at the Inccrſection in the EquinoRtial as is direRed, you 
will find the Longitude of the Barbadoer to be in theſe Charts 
3Þ7 p zo trom Teneriff ; but the Long!:tude of places be ag V2r10us, ACe 
cord.vg tothe places trom whence it is begin, [ "me recxoning it from Flo- 
Fer 311 ! Corum ſome trom T ener ﬀ, Fe, The chict bulincis \\ ll be ro f1:1:d 
the ditfereuce of Lon zitude berween- any two places, which is thus to be 
pu formed, 

When you have found the Longi:ude of the to places, ſubſtraR che 
Jeſler from the greater ; and che Remainder, it lefs than 1 $9715 the Differ- 
ence of Longunde between the ewo placesz bur if the Remainder be great- 
erthan x809, ſubſtraR it from 360, the laſt Remaznder, is the Difference 
of Lo»gitude required, ME 

Suppoſe the two places were the Lizard in the Longitude 109 40/, and 
Thoma I{land in th: Longitade 279 30*, ſubſtracting 10” 4o/ trom 272 
3c, the Remainder 16® 5</ is the Diff. Long. 

Aoain, Suppoſe the two places were the Lizard, as before, and Barba- 
does 1n the Longitude 317” 3 ; ſubſtracting 10* 4c/ from 317* 3&/, 
there Remaines 3969 5, which ſubſtracted from 360%, the Remainder 
53* x& is the Difference of Longitude required, 


3» To know how one Place bears from another. 


For the performance of this Problem, lay the edge of a Ruler from one 
lace to another,and with a pair of Compaſles try to which of cheRhomb 
Lines the edge of the Raler is the neareſt Parallel, which be1ug found, 
that ſheweth the point of the Compaſles the two places bear one from ano- 
ther, 

Suppoſe the bearing of the Barbadoes from the Lizard were required: 
Theretore lay the edge of the Ruler upon both places, and you will find 
that South Welt : a pojat Weſterly is the neareſt Parallel thereco, which | 
isthe bearing of the Barbadoes from the Lizard, and the oppoſite poiut 


Norch Eaſt ; Eaſt the bearing of the Lizard from the Barbadoes, 
4+». To 
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4+ To find the Diſtance of two places upon CME RC ATORS 
a 7 + & - 


If both places be in one and the ſame Latitude, cake with your Com. 
palles the length of a degree of the Meridian ar that Latitude ( taking halt 
che degree above, and half beneath the Laticude ) tor (o ofc as you ſhall 
fiid that length berrween the tio places, ſo many times 20 Leagues arc 
there berwixt them z but it the diſtance be great, for expedition, you 
may take five times the length of that degree, and counting it for 109 
Leagues, procecd as before. | 

Suppole the Diſtance were required between the point of Hihant in 
France, and Trinity Bay in New-found-Laxd. 

The Diſtaxce taken as betore about the Latitudeof 37*, you will find 
it tobe 550 Leagues, 

But it two places have not the ſame Latirude the Equinoial not com. 
ing between them, ſubſtraCt the leſſer Larirude out of the greater ; bur if 
the Equinettial cometh between them, add boch Latiudes together, fo 
have you the difference of Latitude between both places. 

Now if both places have the ſame Longitude, ſo many degrees as 
there is in the differeuce of Latitude ſo many times 20 Leagues is the 
Diſtance. 4 ' 

Bur if the places difter both in Latitude and Longitude , then look 
how many degrees the difterence of Latirude contatis, to many degrees of 
the Equinettial take berween your Compaſlles z then lay a long Ruler to 
both places, whoſe diſtance you ſeek, and obſerve where the Ruler crol. 

es the Equinettial, or ſome other Eaſt or Welt Line, or Parallel of Lati- 
rude, and leading one foot in the Equinottial or other Parallel, move for. 
wards the other alſo Parallel-wiſe, keeping alwayes that diſtance, til} i: 
.crols the Rhomb of thoſe wo places in ſuch fort, that one foot reſting by 
che edge of the Ruler, the other carried abut, may but only touch the 
EquinsHial, or other Parallel cut by the edge of the Ruler; then 
take with your Compaſles the Segment, or part of that Khomb between 
the crofling and the Equinetticl or Parallel, It boch feet in the Equinotti- 
al; ani fee how many Ccgrees are contained berwixt them, ſo many 
tizzics 29 Leagues 1s the diſtance of thoſe two places, ; 

Or if that Segment of the ſaid Rhomb be greater than can well be taken 
wich the Compaſies, take the length of 5 degrees oft the Equinettial be- 
tix cen your Tompaſlls, and look how oft you can find that length in che 
Sromr. bo TRonomb atorclaid, tor fo many hundred Leagues 1s the Dt- 


7} # - i mi 
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If the Diſtance from the Lizard to the Barbadees were required, the 
difference of Latitude between thole places, is 36* 489; Thetretore take 
36* 48” from the Equinoftial, and laying a Rulerover both places, of a 
ſufficient length, it will croſs ſome Parallel of Latitude about 9 degrees ; 
then keeping this Diſtance of degrees in your Compaſſes, apply one poinr 
to the edge of the Ruler, ſo that the other point may bur jult touch the 
Parallel croſſed by the Ruler ; the Segment of the Rhomb, between the 
point where the Compaſles {tayes, ba; 2 interſection by the Ruler, and 
Parallel of Latitude, meaſured by the degrees of the Equinottial, gives the 
diſtance 1 141 Leagues, which was requued, 


There is nothing elſe that will be of any difficulty in 
the common uſe of this Chart, if theſe brief hints be 
wnderſtood. 


SECY YE 
The Deſcription and Uſe of the Globes. 


F Globes, there are two forts; One is Terreſtrial, and che other 
Celeſtial. 

The Terreſtrial hath on the Saperficzes of the Body portrayed and de- 
{cribed the whole form and faſhion of the Earth and Sea,with all the Cir- 
cles of the Sphear, as Colures, EquinoCtial, Tropicks, &c, 

The Celeſtial Globe hath on its ſurface, the Conſtellations of all che 
known Stars in the Heavens, placed in their true Laticudes and Long'- 
tudes, Right Aſcenſiors and Declinations, drawn into feveral Images and 
Figures, according to the fictions of the Antientsz with the Cucles of the 
Sphear, as in the Terreſtrial G lobe. 


Geographical Defjcns, nnepoy to be widerſtood, 
tie 4, 
The Globe of che Earth is a Spber:ical Body proportionally compoled of 


Earth and Watcr, and is divided into Continents and lilauds, 
K & 7 I, 
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IT. 


A Continent is a great quantity of Land not divided nor ſeparated by 
the Sea, whercin are many Kingdoms and Principalities, as Emrope, 
«Aſia, and eAfrica are one —_—_— and America 15 another, 

An Ifland is ſuch a part of the Earth that is invironed round with 
Water ; as the Iſland ot England and Scotland, aud alſo Ireland, and 
the Iſle of #ight, the Barbagoes, &Cc. 

1 

A Peninſula is ſuch a part of Land «: is almoſt encompaſled about with 
Water, and is only joyncd with the Land by an Uthut-ns ; ſuch 1s that 
great part: of Land in America, call:d Peruviara; and eMores in the 
Levant, 


F 


An Iſthmu is a narrow neck of Land which joyneth the Peninſula to 

the Continent, . 
F4 

A Promontery is {ſome high Mountain, or great Cape of Land that 
fhooterh it ſelt into the Sea, as Cape Bon Eſperance, or (apo de Verdg in 
Africa. | 

VII. 

The Oceas is a general Collection of the Waters, which environeth 
the World on every de. 

FILHII. 

The Sea is a part of the Oceay to which we cannot come but through 
ſome ſreight, as the Mediterranean and the Baltick Sea. 

IX, 

A Streight is a part of the Ocean reſtrained within narrow bounds, 
and opening a way tothe Sea; as the Straits of Gebralter, that leadeth in« 
rothe Mediterranean,and the Sound that leadeth into the Baltzck Seca, 

Xk, 

A Creek, is a (mall narrow part of the Sea or Rivers, that go up but 
2 little way in the Land, 

XI 


A Bay is a great Inlet of the Land, as the Bay of Biſcazay and the Bay 
of Mexico, 
XII. 
A. Gwulph is a greater Inlet of the Land deeper than a Bay, ſuch is _ 
: Gulp 


Geographical Definitions. 251 
Gulph of Venice,and the Gulph of Florida; which alſo have a (wift Cur. 


rent. 
XIHH, 

A Climate is a certain ſpace of Earib and Seq that is included wich. 

in the ſpace of two Parale!s, and of them there hath been auntiently ac- 


couiuted ſeven. 


. Dia Meroes, 

» Dia Syenes. 

. Dia Alexandrias, 
Dia Rhoades. 
Dia Rhbomes, 
Dia Boriſtbexes, 
Dia Ripheos. 


> Þ Us > og 
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A Zone is a certain ſpace of Earth contained between certain Circles 


of the Sphere, and are thus divided. 
The Earth is divided into five Zones, viz, One Torrid or Burning 


Zone, eovo Temperate, and two Frozen Zones. 
The Torrid Zoxe is that whichis oneach fide the Equinetial, bound- 


ed by the Tropicks of Cancer and Capricorn. 
The two Temperate Zones are contained between each Tropick and 


the Polar Circles, 
The two Friged or Frozen Zones are contained within cach Polar 


Circle,and their reſpective Poles, 


The Diviſion of the Earthly Globe, 


The Globe of the Earth js divided into four parts, Viz. 
Europe, )& Africa, 

& 
eAſa, eAmerica. 


Exrope is bounded from Aſia by the Mediterranean Se, on the Eaſt 


with the River Tana, and on the Welt with the Weſtern Ocean ; and 
camaineth theſe Provinces. 


KL 2 Germany, 
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Germany, Spaine Swedeland, Hungaria, 
Italy, Denmark, Muſcovia, Slavoxia, 
France, Norway, Paloma, Grecia. 


The Principal Iſlands are theſe, 


7 
3 


Great Brittain, Candia, Sardinia, 
Ireland, Cicilia, Corſica, Cyprin. 


Aſia, is bounded on the North with the Northern Ocean, and on 


the Souch with the Red-Sea, on the Eaſt with the Eaſt-Indian Ocean, and EL 

on the Weſt with the Flood T ana'-, » 

The Principal Regions are, ; 

# 

Axatolio, Armenia, MAſſyria, Perſia, Ching, [ 

Syria, * Arabia, Meſeueanic, Parthis, India, : 
Paleſtinds, Media, Chaldea, Tartaria, and the Iſlands 

thereof. 


IX — 79d fog Pa + 


Africa, is bounded on the Eaſt with the Red Sea, on the Weſt with 
the Atlantick, Ocean, and on the South with the Southern Ocean, and 
on the Norch with the Mediterranean Sca, 


The Provinces are, 


Egypt, Barbaria, e/Ethiopa, : 
Abiſſines, Alonomotopa, Nuba. 
The Iſlands are. : 


e Madagaſcar, or St. Laurence, St. Thomas, Cape de Verde Iſlands, 
The Canary Iſlands, The Madera Iſlands. 


Amevica, is bounded on the Eaſt with the Atlantick, Ocean, on the 
Weſt with the Weſt-Indian Ocean, on the North with the Northern 
Ocean, on the South with the Magelanick, Sea. ; 


It conſiſts of two parts, v4z. Mexicana, Pivana, 


The 
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The Provinces of Mexicana are, 


l Nova Hiſpania, Terra Florida, Nova Fraxcia, 
| Califorma, Nyva Albion, vel Anglia, Eftotilant, 


The Provinces of Perwana are, 


| Brazilia, Tiſnada, Caribana, Catagena, Peru, 
{ barah, Chila, Chicha, Patagomor. 


on | 
F 
nd B The Chief Iſlands of Mexicana are, 
b Iſlard, Friezland,, Greenland, 
| The Chief lands of Perwaxs are, 
' Hiſpaniola, Cuba, Tamaica, Porto Rico, Barbadves, and all 
nds © the reſt of che Cariba Iſlands ; Inſula Margarette, Moluque Inſule, 
* Remorer, Fava Major, Java Minor, Salamms Inſula. Aud all 
-þ * other Iſlands in India Orientalss. 
It / 
od The Names of- the Seas, 


: fins 


Ocean Sea, Narrow Sea, Mediterranean Sea, Mare Mapore, 
Mare Pacificum, Mare Caſpium, Eaxſt-Indian Sea, Perſian 
Sta, Red Sea, Mar Dil Zur, 


? The Names and Number of the Stars of each Conſtella- 
F . 
tion on the Celeſtial Globe. 


5 
Northern Conſtellations are 21 , viz» 
1c 1 #rſa Major, 7 | 6 Corona Borealis, 8 
n 2 Wrſa Minor, 27 | 7 Engonaſes, aut Hercules, 29 
3 Draco, 3x |8 Lyra, I0 
4 Cephua, : It | 9 Olor, aut Cygnua, 17 
5 Bootes, or Artiophylax, = =22 10 Coſſiopea, 13 
c | Il Per- 


254 


The Conſtellations, 


11 Perſeus, 26 | 17 Delphinu, T 
I2 Hieniackus, or eArnriga, 14 18 Equict/wa, 4 
13 Serpentaring, 24 | 19 Pegaſus, vIE 
14 Serpens, 18 , 20 Andromeda, 24 
I5 Sag-ttarins, s ; By Trianguliy. 
16 Aquila, 9 Sum. 32? 
Zodiack Conſtellations, 12. Viz. 
1 Aries, I3 7 Libra, 9 
F-1 Taurus, 23 8 Storpuo, 21 
3 Gemin, 18 | 9 Sagittarius JT 
4 Cancer, 9 Ic Capricornus, 28 
5 Leo, 27 II Aquarius, 42 
6 Virgo, 26 12 Piſces, 34 
Sum. 28c 
Southern Conſtellations, 25, 
1 Cetw, 22 | 15 Piſces Auſtrinss, Li 
2 Orin, 31 16 Gras, 13 
2 Flamen Eridangs, 34 | 17 Phanx, I5 
4 Lupus 12 | 18 Indas, 12 
5 C ants Aſajer, 15 | 19 Pavo, 29 
6 Canis Minor, vel Camcula, 2 | 20 Ap#s, avis Indica, Il 
2 Argo Navi, 4.1 | 21 Apiſc, HMuſca, 4 
bod Hydra, as {20 Chamel;on, 1c 
9 Crater, 2 | 23 Triargulum Auſter, 5 
10 Corvur, 2 | 24 Piſces volans - 
1x Centauras, 37 | 25 Dorado, 
12 Fera aut Lupus, 19 | 26 Texan, Anſer Americanns, 9 
12 Aravel altar, 72 | 29 Hydrus, Serpens Anſt, 21 
14 Corena Auſt. vel Merid, 10 | Sum, 429 


The 
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The Material Globes are compoſed of theſe parts. 


Firſt, The Body or Globe it ſelf. 

Secondly, The Braſen CMeridiax, 

Thirdly, The Quadrant of Altitude, 
Fourthly, T be Howr-Circle and Index. 
Fitthly, The Wooden Frame in which ut is put, 


The Globe it ſelf, with the Concerns and Apurtenances thereamo be- 
longing, :> {2x the lively repreſentation of the natural ficuation and po- 
ſir10” of che Earth and Heaveas,and ſerveth for che demonſtrating of any 
Problems incident to the Sphear, and on the Earth, either in Aſtronomy, 
Geography, or Navigation, 

I, The Brazen Meridian is divided into 4 parts or Quadrants each be. 
ing divided into 90 degrees 5 within this Meridian, the whole Body of 
the Globe turncth upon the Avis that cometh torch trom the Body, being 
two ſtrong braſs Wiers, 

2. The Hour Circle, is a flat Ring of Braſs, faſtened upon the North 
>art of the Meridian, and is divided 11:0 che 24 hours of a natural day ; 
and cach of theſe hours is ſubdivided inco halves and quarters. 

3- The Quadrar! of Altitude, 1s a long and chin ſlip of Braſs, divided 
into 90 degrees, and 1s to move up and down upon the ſurface of the 
Globe to any poſition required 3 aad when placed in the Zerzth, the 
edge thereot repreſenteth an gAzimmb , and the divitions ſhew the 
Almicanters or (ircler of Altitude. 

4- The Horiz.2x is a flac and round frame of Wo0d,in which the Braſey 
Meridian, aud conſequently the whole Globe doth move, being divided 
intoa Kalender, ſhewingche day ofthe Month, the place of the Sun, the 


Rhombs, © 
P20biem 1, 
How to /:' the Glebe to the Latitude of a place, 


Suppoſe you were to ſec the Globe to the Latitude of $2 degrees Norchy 
the Globe being inthe Frame, move che Meridian ener higher or lower, 
until 52 doth cut the very edge ot tlie Horizoy on the North tide there. 
of, (the divided fide of the Brazen Meridzan being tOWardgs vou ) then 

the 
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the Meridian of the Globe being turned North and South, by the help of | 
a Magnetical Needle, it doth then repreſent the natural (cituation of the 
Heaven and Earth, 


P2oblem. 11, 
To find the Latitude of any place upon the Globe. 


Firſt, Find the Place required upon the Globe, then turn the Globe a- 
bout, until the place whoſe Latitude is required, be juſt under the Brazen 
Meridian; then note what degree ſtands againſt it on the Meridian, that 
is the Latitude of the place which was required, 


E x ample. 
Let it be required to find the Latitude of Rewe : turn the body of the 


Globe about, till Rome be juſt under the Braſs Meridian, and you will 
lee 42 to be right againſt it, which is the Laticude of Rome, 


P2oblem. 117, 
To find the Longitude of any place upon the Globe, 


Turn the Body of the Globe about, till the place,whoſe Longirude you 
require,comes under the Mersdiay : then oblerve what degree of che Equi- 
nottial is cut by the Braſs Meridian, and the number of thoſe degrees 1s 
the Longitude of the place you ſeck for, 


Example. 
Let it be required co find the Longitude of Rome, as before, therefore 


bring Roms under the Meridian, which being done,the Meridzan will cut 
the Equinettial in 36” 30”, the Longitude required, 


Problem 1v, 


To fi-d the Diſtance 5f ary two places on the Glo'e. 
To peror:n thus lay the Ovadrant oi Al:itude upon bath the places re- 
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quired, and note how many degrees there is contained between them * 
which being found, multiply by 60, and the ProduRt will give you the 
diſtance between che ſaid places in minutes, 


Ex.mple. 


Let it be required to find the diftance berween London and Rome ; 
Theretore lay the Quadrant of Altitude from one place to another, and 
you will find 15 degrees to be intercepted berween the aforeſaid places, 
which being multiplied by Co, giveth 900 miles or minutes diſtance be- 
tween London and Rome. 


P2oblem. v, 


To find the Poſition of Places one to another, 


Firſt, Sct the Globe to the Laticude of one of the places, and bring the 
{ame place under the Braſs Meridian, and extend the Quadrant of 
Altitude, being fixed over the tirit place, to the other place, aud the end 
of the Quadrant ſhall point out on the Horiz2z the Poſition that one 
place hath to another. 

Example. 


Let ic be required to know the bearing of Rome from London z; There- 
fore bring London under the Braſs Meridian, and there fit the Quadrant 
of Altitude, and lay the edge thereof upon Rome, and the end of che 
Quadrant of Altytnde will point you to 56% which 1s the potition of Rome 
from London, 


P2oblem. v1, 
' The day of the moneth being given to find what ſign and degree the Sus 


1 1s 
Firſt, Find the day of the Month in the Kalender on the Horizon, and 
right againſt it you (hall tind che hgn and degree in which the Sas 15, 


Example. 


Let jt be required to figd the Sus place on the fitth of day; You 
L 1 mult 
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muſt find the fifth of May in the Kalender, and right againſt it you will 
find 25 degrees in Tanrmy which 1s the Suns place that day, 


2920blem, vIl. 


Haw t» place the Index of the Honr-Circle, for every day in the Tear, 


The G/obe being (et to your Latitude, and the place of the Sun found, 
( a5 in the laſt Propolition ) you mult find chat degree on the Ecliptick- 
Line of the Globe, and bring that degree to the Braſs Meridian; then 
ſtaying che Globe there, turn about the Index of the Howr-(";rcle, till it 
points juſt npon che upper Line of 12 in the Hour-Circle, which being 
done, the Hoyr-Circle 18 rectified for any time that day, 


P20blem, vir, 


To find the time of the Suns riſing and ſetting, 


The Hour-Circle being reftified, and the Globe ſet to the Latitude, 
then turn the Globe about till the degree in which the Sun is cut the 
Eaſt fide of the Horizon ; and then caſting your eye upon the Howr-Cir+ 
cle, the Index will ſhew you the time of the Suns riſing ; and the Globe 
being turned about, till the degree of the Sun cut the Weſt fide of the 
Horjz0», the Index will ſhew you the time of the Suns ſerting, 


Example, 


Let it be required to find the Suns riſing and ſetting the fifth day of 
May in the Latitude of L»ndoy, the Sun being then in 25 degrees of Tax- 
rw. Firſt, find the 25*" degree of Taurw in the Echptick: Line, which 
being turned to the Eaſt part of the Hor;zon, you will find the Index 
point to a quarter after 4 of the Clock ; the ſame point being turned to 
the Welt part of the Horizon, you will find the hour Index point to 3 
quarters paſt z, chetime of Sun ſetting, 

Having the time of the Suns rifing and ſetting, you may find the 
length of the Day and Night : for the time of the Suns rifing being 
doubled, gives the lepgth of the Day. = 
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Example. 


The fifth of May, the Sun riſeth ar 4 of che Clock and a quarter paſt ; 
vhich being doubled, 1s 8 hours and a halt, che length ot the Night ; 
and the Sun ſetting, which is at 7 a Cluck and three quarters, whach 
bcing doubled, is 15 { hours, the leng.h ot che Day, 


! , 

nd, $320vlem. 1x. 

CP - 

1en Ta find the Suns eArmplitude. 

lic 

ng The Amplitude of the Sun, is an Arch intercepted between the Eaſt 
and Weſt points, and chat part of the Horizon where the Swn riſeth or 
{etreth, 


The finding of the Amplitude, differeth litcle from the laſt Propoſition, 
tor having brought che degree of the Suns place to the Horizon, you mult 
count how many degrees of the Horzzon are intercepted berween the 
Ealt or Welt point, and that part of the Horizon where the Sun cither 


de, | niſcch or letteth, 
he Example. 
"þ On the fitth of May, I &chre ro know the Suns Amplitude, in the Lat, 
the of Londou ; Therctore bring the place of the Sun thatday to the Horizon, 
| and you will find 3x deg. 15 min, intercepted between the point of the 
Hor;z0n,and the Eaſt point,which is the Suns true Amplitnde Northerly, 
P2oblem. x, 
of 
= How to find the Snns Declination any day of the Tear, 
ch | 
ex The Declination of the Sun is an Arch of the Meridian intercepted be. 
eo ween the Sans place and the Equinottial 3 to find which,you mult bring 
23 | thedegreeinwhich the Suyis, tothe Brazen Meridian, and there ſtay ity 
; andcount how many degrees of the Brazen Meridian arc contained be 
he tween the E4quz;nett;al and the Suns place, and that 1s the Declination. 
I 


E xample, 


I would know what Declination the Sun hath the fifth of May, the 
ET 3 Sun 
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Sa» being 25 degrees in Taurus, which being brought tothe Meridian, 
you will tind 19 degrees incercepted between that pount and the Equino- 
cial on the Brazen Mzridian, which 1c the Declinatzon required. 


W2oview, x1, 


To find the Meridian Alcitnde of the Stn any day of the Year. 


Fx | 


The Merid;.cn Altituae of the S#3 15 an Arch of the Meridian, inter. 
cepted berween the Horiz.9x 2nd the degree in which the Sun is. To 
perform which, turn the G/25e amour ull che degree of the Sun be juſt un. | 
der the Braſs Meridian, thcn ftaying the Globe there, count how many 
degrees are contained between the place of the Sun, and the Meridians 
Interſcttion with the Horizon, and thai 1s the Meridian Alticude, 


Example. 


On the fifch of May, it is required to find the Meridian Altitude of 
the Sun that day in the Latitude of London z the Suns place in the E. 
cliptick is 25 degrees in Tawras ; Theretore bring that degree under 
the Braſs Meridian, and you will find 57 deg. !, to be intercepted ups 
on the Braſs Meridian, between the place of the Su» and che Horzz9n, 
that is the Meridian Altitude of the Sun that day. 


P20blem, x17, 


How to know what Alttndz the Sun ſhall have any hour of the day, and 
ou any day of the Tear. 


Having reCtified the Index of th? Hoar-Circle for the day propoſed, 
and found the place of the Suu, by the ſecond propotition, turn 
the Globe about, till che Index of the Howr-Czrcle be jult upon the tim? 
when you would krow the Altitude; then ſtaying the body of the 
Globe here, bring the Quadrant of Altitude being ſcrued on to the Ze. 
ith, and lay it over the Suns place, then the number of the degrees con. 
tained berwixt the Horizon and the Suns place, counted on the Quadrant 
of Altude, 1s the Altitude of the S#n at that hour, 


Examy/:, 
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Example, 


Let the time given be the tenth day of Aprs/ in the Latitudeof London, 
at which time ( by the ſecond Propofition ) I find that the S#z is in the 
beginning of Taxras, and I would know what Altitude the Sun w.ll have 
ac 9 a Clock in the morning : the Incex of the Hour. (Circle being reQtified 
for that dxy,turn the body of the Globe abou: till the Index on the Howr- 
Circle lics jult upon 9 a Clock, then ſtaying the Globe there,lay the Qua» 
dra of Altitude on the Sans place, ( which is the beginning of Tawuras) 
and the number of degrees berween the Horizon and the Suns place, 
(coun:cd upon the Quadrant of Altitude ) 15 the true height of the Sun, 
which here I find to be 36 degrees, and that is the Alturaude at nine a 
Clock in che Moininz, or three in the Afternoon ; for the Sun hath the 
lame A/ritfide at 11, 19, 9, 8, 7, 6, 5, 4 In the Morning, as ic 
hach at 1, 2, 3, 4, 5, 6, 7, $, inthe Evening, 


25290:ciin x110, 
How to {4 the Horry of the day by the Globe, 


Ti is Propofitian cannet bz wronght conveniently by the Globe only 
nt the Altitude of the Sun mult be firſt taken by ſome Inſtrument or 
o:hicr, and then this 1s but the Converſe of the tormer Propoſition, which 
ie performs thus : the Globe being ſer to the Latitude, and the Index ot the 
Hour-Circle retified, turn the Globe about till che degree of the Sun 
meet with the Altitude taken by the Inftrument, and theu will the Index 
2n the Hear-Circle ſhew you the hour of the day, 


J3:oblem, x1v. 


To find both the Rigit and Ovlique Aſcention of the Sun, 

The Globe being ſcr to your Lati.ude, bring the degree of the Sun to 
the Brazen Meridian, there ſtaying it, then what degree ot the Equie 
noctal is cut by the ſaid Brazcn Mot 'd1a1,counting the ſame from the firſt 
point of Ares, ard that is the Right Aſcer/ion of the Sun that day; So 
the Sun being m the beginning of T aures, NS Right Aſeention will be 
found to be about 279 } and bringing the Suns place co the Horizon, the 
Horizon will cucthe Equincctalin 23” ;, which 3s the Oulique rnfs. 
. Ki 
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Theſe Probl:ms are common to both che Globes, I ſhall give you 
thoſe Problems chat are only proper to the C@/:t;al Globe, 


P2oblem xv, 


To fied the Meriaias Altitude of a Star, or the Altiinde of a Star at ay; 
other time. 


To find the Meridia» Altitude, let the Globe be let to your Latitude, 
and chen curn the body of che Globe aboutztill the Star be under the Bra. 
zen Meridian, and chen the number of degrees ot the Meridian 1intercen:. 


| | f ed between the Star and the North orSouth part of theHorizon,accordins 
nn ; as the Star is fituated,is the Meridsan Altitude thercot. 
i Now to find the Alrit#de at any other hour, turn about the Globe, i! 


it the Index of the Hour-Circle be at the hour you would know the Altitude Þ : 
li | of the Star ; and then apply the Quadrant of Altirude to the Scar, and 
| | it the degrees of the Quadrant cut by the Scar, is his Alrzr44e at that time, 


| P2oblem, xv1, 
& | 
i 


To know at any time of the Day or Nught, what Stars be above the Ho 
71400, 


This is no other then to place the Globe in a true poſition at any time ; Þ? 
| Now if you would know what Stars ate above the Horizon at any time 
| ot the day, you muſt take the Suns A/titude, and turning the Globe about 


| till you bring the degree of the Sun juſt co the Alticude which you found 
1 by Obſervation, on the Onadrant of Altitude, and then ſtaying the 
(0 Globe there, you will ſee all che Scars chat are above the Horzzon at that 
time. 

This ſame is to be performed in the Night, by any known Star, the 
Altitude of it being taken, in the ſame manner, 


P2oblem +11, 


How to know the Riſing, Calnmmniating, and ſetting of any fixed Star ,and 
alſo what part of the Horizon he riſeth and ſetteth 11. F 


Havine 
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Having refed the Index of the Howur-Circle, and placed the Globe 
according to the Latitude, then find our the Star, whoſe riſing, calumni« 
* ating, or ſetting you deſire, and bring him to che Eaſt fide of the Hors. 

zo», chen will the Index of the Howr-Circle ſhew you the time of his 

7 riſing; then bring the ſame Star under the Brazen Meridian, and there 

! ſtaying the Globe, the Index will ſhew you at what hour the ſaid Star 

* #9) Þ | calumniates, and comes to the Meridian. Laſtly, Bring the ſame Star 
| about till it curteth the Weſtern part of the Horzzmn, and then the In- 
 , | dexof the Howr-Cirele will ſhew you at what hour the ſaid Star ſetreth, 
ue, Þ* and by the Horizon you may know the Amplitude that is on that part 


you 


wy of the Horizon it rileth or ſetteth, 
dins | 
' P2oblem xv117, 
oh, \ To find the hour of the Night by the Globe. 
| and 


1 You muſttake the Alcitude of ſome xnown Star by a Quadrant, or 
2 other Inftrument, and then having rexified the Index of your Howy- 
| Circle, turn the Globe about till you make the Star agree with the Qua- 
74raxt Alcitude, according to the Stars Altitude, and then the Index of 
* the Hoxr-Cirele, will point out to you the Howr of the Night. 
Hi Þ | Here you muſt note, Thar if the Scar you Obſerve be on the Weſt 
= of.the Meridian, you muſt then turn the Q#adrant of Altitude to the 
' Welt fide of the Meridian 3 and if the Star be on the Eaſt fide of the 
me ; þ { Meridian, you muſt turn the Q»4drant of Alucude on the Eaſt fide 
time Þ © thereof, 
bout 
und 
the 
that Þ 


SECT, VII. 


The Deſcription aud Uſe of an Jnſtry-- 


inent, called an Inclinacory Needle, that 
doth (by a ſecret p2operty of the Load- 
tone, together with the Magnatiſin of 
the Earth) Mz: you the Zatitube of any 
Place, Without Obiervation either of 
Sun 02 Stars, 


— G- 


og 


a 


H 15S Inftrament was firſt invented by that exccli'ent Philoſopher 
= Dr. G:{vert, Phyfitian in ordinary to Queen Elizabeth, and hath 
the approbation of ſeveral other able and lcarned men hereunder mention. 
ed, Mr. Bluxdevel hath w ricten of it, as may appear in the lattcr end of 
Maginus his Theoricks ; and that expert Philoſopher Dr. Ridler, an Eng- 
liſh man, Phyfician to the Emperor of Raſſis, who hath largely treated 
of this In{trument, in his Book of Magnerical Bodies and Motions, As 
alſo that famous Mathemaritian Mr, Edward Wright, in his Book of Cor- 
reftion of Errors in Navigation, hath given a Geometrical Demonſtration 
of che Natural reaſon thercot, and hath from thence Calculated a Table 
oi the Inclination ot the Magncrical Needle in all Latitudes. 

This Inſtrument hath alſo be2n lately commende.! ro the Conſiderati- 
on of this preſent Age, by the Fertuoſi, or Rojal Seciety, in the Philoſo- 
phical Tranſaction, Ye, 2, Numb. 24. 


So that it may appear by all theie Teſtimonics, that this Inſtrument 


hath ſomewhart of Excellency in it, and therctore may be thought worthy 
ef our Conlidcration and Practice, : 


The 


C T he 


The Deſcription of the Jnclinatozy Needle, 


Thi Inſtrument containeth theſe parts, 


i. A _ Braſs Ring wherein the Nzedle doth hang upon two 
ſmall Pevics br Axeltrees, between two Bridges, and this Braſs Ring 
hath on each fide a Grove for a Glaſs to be put on each fide and tor- 
merly there uſcd to be a Ring on the top to hold ir on your finger, bur 
this way being not altogether ſo convenienc for uſe at Sea, therefore we 
have contrived it after a more conyenient manner for Obſervation at Sea, 
and co hang like another Compats, in » Box, that it may be plyable to 
every motion of the Ship according to this tolowing Figure. 
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The Magnetical Needle that hangs on his Pevits, between the two 
Bridges 1n this Inſtrament, before it hath received any virtue trom the 
Loaditone, doch hang in Equilibrio, and will turn to any Pohton what- 
ſoever 3 but after it hath received the Magnetick Vigor from the Stone, 
it then becomes ſubordinate to the powerful commands of the great Mag. 
net the Earth, which being placed co 1ts Magnertical pofition, ,, 6 paralle} 
to the Magnetical Meridian, then will the Needle reſpect its crue point of 
Elevation or Depreſlion, according c9 the Latitude of the place where it 
is uſed, which may further appcar by this enſuing Table. 


| 


Table of «he Magnetical Inclination of the Inclinatory Needls, 


| 


| 3557113 [59/72/48] 65/8143] [$287.44 
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There. 
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Therefore being in any part of the World, and you ſet this Inſtru. 
ment dire&tly Norch and Souch by another Compaſs, being placed at a 
competent diſtance our of the Orbs of Attraction, then will the North 
or South end of the Needle dip to a cercain Angle, which Angle being 
ſoughc inthis precedent Table, under the Title oft Magretical Inclination, 
right againſt it in the Column next to ic under the Title of Latirude of 
Places, ſhall be ſhewn the Laticude of the preſenc place, 

Example. 

Suppoſe you have re&tified your Inſtrument North and South, as be- 
fore, and find the North end of the Needle to be depreſled below the 
Horizon to an Angle of 72* 36#; then if you look this Angle inthe 
Table, you will find it inthe fifth and fxth Column, under the Title of 
Magnetical Inclination ; and in the fourth Column, under the Title of 
Latuude of Places, you will find 5x degrees, which will be the Latitude 
ot the place. The ſame is to be underſtood in South Laticude, only that 
then the South cnd of the Needle will be deprefied, and the Ute will be 
the ſame. 

The Natural Reaſon of this may he very lively illuſtrated by the ap- 
plication of a {mal ſowing Needle round a Terrella,or round a Load-ſtone, 
i the manner of this tollowing Figare. 
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Ler the Figure A B C D, repreſent a Terrella, or round Load-ſtone, 
A the North. Pole, B the South-Pole, A B the Meridian, C D che Equi. 
noQtial ; Now if you ſuppoſe that the Quadrant A D. were divided into 
00 equal parts, ſhewing the ſeyeral Latitudes of places upon the Earth 
Then if you apply a Needle to the point D, it will ono it ſelf roa 
parallel pofition to the Line AB, but if moved further to 10 degrees, 
then ſhall it have a ſenſible Angle, and ſo to 20, 30, &sc, unt | it com-- 
ethto go degrees, and doth erctt it felt perpendicular upon the very 
Pole : from which experiment may be gathered the natural realon of che 
poſition of the Magnetical Needle to the great Magnee the Earch, as this 
{mall ſowing Needle hath to this Terrella, or little Earth ; or if a ſmall 
Magnetical Needle be applyed after the ſame manner to this Stone, it will 
perform the ſame Conclulions as the ſewing Needle doth. 


SECT, VIII. 


A lhozt Appendir, WHewing ſome of the ſe- 
cret Pooperties of the Zoad-Stone. 


©. © The Prome, 


7 H E Nature, Powerfulneſs, and ſtrange- Properties of the Load- 
'T ſtone are ſuch, that the more they are known, the more they are 
jaſtly to-be' admired; in-their lively exprefling the infinite Power and 
Goodneſs of God, who hath created fo pretious a Jewel for the profitable 
uſe of Man, 5nd for the enlarging and ftring forth of his own Glory, eſpe- 
cially in char afſiſtafice it affordsto nan, in the diſcovery of the whole 
Univerſe, which is the work of his hinds, and his mighty wonders in 
the deep Waters z the properties not only ſerving for Maritine Aﬀairs, 
bu: alſo in Travelling by Land in vaſtand ſolitary Deſartsz for movable 
Sun-Dials in all places ofthe World 3 tor the more ready and exact Cho- 
rography of any Country,or the truc plotting ofany ground, and for the 
following of any- Mineral Vein that is void of Iron under the Earth; 
ard alſo tor Coal-Mines, with ſeveral other neceſſary Uſes, retaining in 
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| it ſelf as it were the Mirror of Philoſophy, manifeſted by irs Sympatheti.. 


cal Coition, and Antipathetical Repullion ; with many other Occult Ope- 


* rations, very admirable to behold, rwo eſpecially that are treaſured up in 


| its dusky Entrails, one of Attrathon, the other of DireCtian; it hath 
Subſtance, Virtue, and Operation, ſerving to many good purpoſes : there- 
* fore this Stone of all others may be accounted the moſt precious, where- 
in the Majeſty of Nature doth moſt appear ; which admirable Treaſure 
God hath vouchſated to reveal unto the weak knowledge of man now 
towards the end of the World, being ſo- plain to the meaneſt capacity z 
and that out of a baſe contemptible and dead Creature,as it ſeemeth to be, 
and yet filled with ſuch Excellent and Wonderful Virtue, that all the 
Gems in the World have not the like. 
Claudianu, a famous Poet, twelve hundred years fince, ſaith as much 
in the commendation of the Magnet, when as yet the Sireditial or Iron« 
drawing property thereof was only known ; 


m—— Lapis eſt Cognomine Magnes 
Decolor obſcurns wilt, &ce, 


And again, 


Std ova fi nigrs videat, miracula ſaxi, 
Tanc (wperat pulchros cultos, & quicquid Eoxs 
Indus littoribus rubra ſcutatur in alſa. 


Bur what would he have faid, had he ſeen the true Cloſet of all Mag- 
neticall Miracles unlocked, as now 1t 15 at this day ! 


Of the Name of the Stone, and of the Colour, and 
from whence they come, and how they were- 


firſt found, 


This Stone is called eAfagnes, uſed under that promiſcuous appellati. 
on, both by the Greeks and Latinesz and as Lucretiws writeth, the name 
| 15derived from the Country Magneſsa. 


The Grecks do call it Magnes from the place > 


Y Forthat the Magnets Land it doth imbrace, 


Plats 
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Plato ſaith, ſome call it Lapis Heraclins, from the Name of Heraclea, 
a Ciry of Lydia, where it was firſt diſcovered, and upon the ſame ac- 
count 1s called Lap:s Lydia, 

T heophraſt us, in his Book of Stones, for che ſame reaſon, callech it 
Herculeum : Others think it denominated trom Hercules. 

N:cander thinks the Stone fo called , and ſo doth Pliny from him, 
from one Mapnes a Shepherd ; for ic 1s reported, that he tound it by his 
H>»b-naild Shooes,and his Shepherds Crook chat ſtuck to it, when he fcd 
ais Flocks in [ndiz, where he was a Shepherd. 

Others call it S;derites, which in Greek ſignifies Iron, By vs it is call. 
ed a Load-ſtone, alluding to the two Stars in the Tail of the Coeleſtial 
Bear, called Helice and Cynoſura, which were anticntly called Load-ſtars, 
or Leading-ſtars z and theretore chis Stone bears that appellacion which 
now performs the ſame othice. 

This Ma znet, or Lo:d-ſtone, is found in diverſe parts of the World, 
and moſt commonly in Iron Mines 3 and though ic be pondrous and 
weighty, yet it is not found to be ofthe Iron. Ore, neither containerth in 
it any metcal of ic ſelf, bur hath a certian athnicy and ſympathy with Iron 
and Steel, 

Of theſe there are of divers ſorts, diftcrent each from other, as well in 
goodneſs as in colour, weight and force, but nor 1n property ( althorgh 
many have judged that the cauſe of the variation of the Nzecle, to be ac- 
cording to the diſtance of the Mine from whence the Stone was taken, 
and the place where ir is uſed, but there is no ſuch thing ) tor all S:ones 
whatſoever have all one point of direction, 

The firſt and bclt ſort of theſe Srones come out of Exaft-[naia, trom the 
Coalt of China and Bexgal4,and are of che colour of Iron,or Sanguine co- 
lour : Theſe Stones are maſly and weighty, and will draw or hitt up the 
juſt weight of chem(clves in Tron or Steel ; and thele are of the finelt (orr, 
and are commonly ſold tor their weight in Silver 1n the Eft. Indies, where 
they grow, becauſe the beſt or fineſt are very rare to be tound, tor it is 
commonly an eatire Stone lying in the Earth by it felt, and no picce or 
part of any other, 

There 1s alſo another ſort of a reciſh colour, found in Arabia, and the 
Red Sea; grow1”g broad and flat, much like unto a Tile of a Chimncy 
Hearth : thele are not ſo weighty as thoſe of China, but are very near as 
good, and the virtue continucth long on the Compals or Necdle thacz 15 
touched upan theſe Stones, 

There aie of theſe Stones likewiſe 1n the Lewvart, in the land called 

Elias 
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Elba, hard by a Town in that Ifland called Porta Feraro, and are called 
there Calamita Preta, that is to ſay the Black, Magnet 3 becauſe there is 
another ſort that are white and light, like unto a piece of dry Fullers 
Clay, and are called Calamita Blanca, Theſe black Stones of Elba are 
mingled with white Veins : They are of no great force, nor their vir= 
tue of long continuance. 

Alſo there are of theſe Stones in high A/many,that are full of holes like 
a Hony Comb, and lighter than the other,bur better than they ; theſe are 
of an Iron Colour. 

Another ſort there arc in Neyway, in the Tron Mines, as in Longſound, 
and other places ; their Colour is black mixed with gray : Theſe arealſo 


of an indifferent torce, 
Thereare alſo ſome in the Mines of Caraca, and ("antabria in Spain ; 
and fome there are found in England, but of no great torce. 
There are ſome found alſo in Bohemia, and ſeveral other places, 
All theſe Stones are different one from another as well in force, as in 
* Colour and Weight, yer all of one Operation in the Needle, thewing all 
one point of direction : which is a moſt wonderful and admirable pro- 
vidence of God to cauſc it ſo to be, for infinite would the diſtractions be 


it ic were otherwiſe in the praCtical uſe ot the Compaſs : For true it is, 
that God is mighty and marvellous in all his works and cruly his pow= 
+ cris greatly ſhewn in this wonderful Miracle of Nature, as in any Scone 


* in the whole Creation. 


Of the «Attractive Virtue of the 
Load-Stone, 


That this Stone hath an attraftive Operation, is apparently manifeſt z 


- for if vou apply a picce of Iron unto either of the Poles thereof, it will 
\ PP'y at 


there hold it, and at a diſtance will alſo dray or attract a ſmall piece of 
Iron, according to the vigor or imbecility of the Stone ; but what ſtrength 


ſoever it hath, it may be artificially improved to be greater than can by 
it ſelf be d:ſcovered, which 13 to be performed by applying a ſmooth and 
brigkt piece of Iron to cicher Pole of the Stone, and nc will immediately 
deliver its virtue unto ity the virtue being herein contracted in this piece 
of Iron, the Stone doth manifcſt it ſelt ro have ten times more ſtrength 
| for this Cauſe therefore are Load. ſtones capped with Iron, tor the artifici. 
© al augmentation of thar ſtrength, And 
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And this virtue is freely communicated from it ſelt to ary thing elſe 


that is capable of its receprion, ſo that a piece of Steel, having received 
ſreneth trom the Stone, that will allo atcract another piece of Steel in 


proportion ro that virtue that it hath received. 


This experiment I have often tried upon my Load-ſtone,for by touch. 
ing of a Knife upon ir, it ſhall take up a Key oft ewo ounces weight ; and 
that within the Spheic of the Stone 1 ſhall deliver the Virtue 1nto a piece 
of Iron, and not touch the Stone at allz and likewiſe over the Stone it 
ſhall cauſe one piece of [ron to hang to another ; ſo wonderful is the at. 
rractive quality of this Sronc, manifeſted in theſe and the like Experi. 


mentrs, 


tical Property of the Load-Stone. 


Of the Sympathetical and « Antipathe- 


Tf a Magnetical Needle being touched upon the Load-ſtone, the 
North and South end of chis Needle will apply it felt reſpeStively to thoſe 
Poles from whence it received its Magnetical Lite, to wit, the North end 
of the Needle will fly to the North end of the Stone, and the South end of 
the Needle will fly co che South end of che Stone,which denores their mu. 
tual Sympathy ; but putting the North end of the Stone to the Sourch end 
of the Needle when it is upon a Pin, the South end of the Necdle will 
immediately fly away 3 and if you put the South end of the Stone £9 the 
North end of the Needle, ic will alſo diſcover an oppoſite and antipathe- 


tical Nature, 


Burt a contrary Operation there is yet in the two Needles to that of the 
Load-ſtone; for it one of the Needles being hung upon a Pin, and you 
apply the North end of the one Needle to the North end of that upon 
the Pin, it ſhall immediately fly away, which denoteth a contrary Opera- 
tion in the Needle to that of the Load-ſtone, and the South cnd of one 


Needle will immediately come to the North end of the other, 


The ſame property of Sympathertical Coition, and Antipathetical Re. 
pulſion, is alſo diſcovered by two Load-ſtones floating in tyo little Boots, 
in a great Baſon of Water, the two Poles of either Stone being dilp {cd 
para!lcl tothe plain of the Horizon 5; and it you put both the South Polcs 
rogether, they ſhall avoid the Contact of one ancther by a natural antjpa- 
thy 3 but it the North Pole of one be direct co the South Pole of the other, 


they 
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they will immediately manifeſt their natural Sympathy one to another, 


and will cleave together by a ſtrong artraction. 
This is alſo apparently evident between the great Magnet the earth,and 


' a Load-ſtone, for if ou put a Load-ſtone in a ſmall ſtring, and let 3r 


hang in the Air, or elſe ro float in the Water in a wooden Dith, and 
putting the North end of the ſmall Magnet towards the North end of the 
ercat Magnet the Earth, it ſhall immcdiatcly change its pefition, and 
rarn its Notth Pole towards the Souch Poleof the faid great Magner, 


Of the Conſequences that follow the various dividing 
and cutting of the Load-ttone. 


lb a 'Load-ſtone be confuſedly broken by violence into many pieces, 
each of the individual pieces ſhall be an entire Load-ſtone, having both 
its Poles diſtinctly of it ſelf, with all che other properces that were 1n the 
Stone before it was broken, 

Bur if a Loadſtone be divided in the mid(t, between the two Poler, 
in the EquinoCtial, then it 1s ablolucely rwo entire Load-ſtones, and 
thoſe parts which were the Equinoctials before, are now become two 
Poles, and the two Poles that were Poles before, do continue the 
lame, 

But if a Stone be cut meridionally quic through che two Poles there- 
of, ſo that one Axes is now converted into two, and each of them remove 
into each Stone, ſo that it 15 alſo become rwo intire Load-ſtones, and the 
Axis of them will retire into the gravity of either picce,directly parallel co 
the Axis,that was before the Scone was divided; ard if yu joyn theſe two 
pieces together again,the two Axes will again become 0c, which 1s moſt 
admirable to behold. 

But if you cut off a piece of the Stone at the very Pole, in a Parallc} 
Seton, the virtue of that piece will immediately retire from ic unto the 
maine Stone, and will ſcarcely have any virtue at all therein ; bur apply= 
ing this ſmall piece that was cut off, co the ſame place again, the Scone will 
ortlwich impart the ſame virtue as was betorezinto thus piece {o cur off, 
{- 'ong as it doth abide in that place z but when 1t 15 removed, it doth a- 

recall its virtue from te ſaid piece, This I have cxpericnced in a 

: of a very conf:derable piece. 
d in tl.c {ane manaer, if you apply a weax Stone to the Poles of a 
n {tron;, 
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ſtrong one, the ſtrong Stone will ir port of 31s virtue to the weak Stone, 
making it to be as ſtrong as it ſelf, ſo 151g #5 It 18 1ts Neighbour 3 but when 
this weak Magnet deſerts this neighbo..:ly propinquity, the ſtrong Mag. 
net will draw its virtue to it {elf again, and will truit ic ao further than 
the power of its recall, | 


To find the Foles of a Stone. 


Here are ſeveral wayes for the performance of this Experiment z 
= Firſt, You may have athin piece of Steel about an inch in length 
and z of an Inch broad z this piece of chin Stecl. being bent circular and 
laid on the Stone, will immediately lye parallel co the Axis of the Stone, 
and direR& which way the Poles do lye, Which being diſcovered near 
where they lie, you may find them more exactly,by a ſmall piece of a ſew- 
ing Needle, which being laid on the Stone, 1f it be near eicher of the 
Poles, will elevate one end thereof ; then move it farther and farther 
till it doth ere& it (elf perpendicular, and that very point will be the 
Pole of the Stone, 

Now to know which Pole it is, you may "apply a ſmall Needle of a 
Dial to it, and if the Pole draw the North end of the Needle, then is that 
the North Pole of the Stone, and the contrary. 

Or otherwiſe, You may find the Pole by a ſewing Needle and a 
Thread, by hanging it over the Stone where you ſuppoſe the Pole to be, 
and keep it a little ſhort from the Stone, and the end of the Needle will 
dircRly point to the Pole of the Stone, 


Whether Onions or Garlick do obſtruft: the Operation 
of the Load-Stone, 


m4 Here is a common received Opinion, that if a Load-ſtone be rubbed 
| oyer with Garlick or Onions, that it will obſtruCt the vircue there- 
of ; or if -a Knife being touched upon the Load-ſtone, and afterwards 
cut an Onion: or Garlick therewith, that it. will immediately looſe ts 

virtue, 
This conceit hath alſo been countenanced by the Antients ; bur if you 
are 


MAH NA 1 vu How. 


are pleaſed t5 make trial of it, you will find it to be but a meer fallacy, 
Ic is alſo as falſe that the Diamond doth hinder the virtue of the Loads 


ftone while it 15 near it. 


?A delightful Experiment performed by 
the Load-Stone, repreſenting the En- 
gaging of two e Arms in Battel, 


Þ OR the performance hereof, you muſt have a Braſs or Pewter plate, 
and upon chis Plate put on ſeveral lictle heaps of the filings of Iron, 
with ſome ihort bitts of ſewing Needles, and put them in order of a 
Battel, one main Body againſt another, alſo with their right and left 
Wings, and their Forlorne Hopes z this being done, bring thc Load- 
Stone under the plate with one of the Poles upward, and pur it firſt to. 
ward one of the right Wings of the Army, and they will immediately 
receive an Alarm,and as it were, ſtand to their Arms;then move the Stone 
toward the other Wing of the Enemy, and they alſo will receive the like 
Alarm z and then by moving the Stone to and tro under the Plate, you 
will puc both parties in a motion,in a Charging poſture,and one to charge 
the other in a deſperate Engagement, and one to come within the other, 
and ſo you may ar laſt engage the main Bodies of che Armies ; and there 
you may ſee that ſometimes they are Conquerours, and ſometimes con- 
uered, which is cauſed by the ingenious motion of the Stone with your 
hand under the Plate ; and the ſhort bits of the Needles may repreſ:nr 
their Generals and Commanders, which will be very full of ation, where 


you may ſee ſometimes that there will be twenty or more of che Common 


Soulders to fall foul of the ſaid Commanders : And if berween theſe Ar. 
mies you put {mall Breaſt-works and Trenches made with Sand, and 
filings put 1n the Trenches, you will then have repreſented the ſudden 
riſing of them one againſt another, as if they lay in ambuth, waiting tor 
an opportunity agaiuſt their Enemics, 
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To make a Sewing Needle ſwim 1p- 
03 the ſurface of the Water, and to 
play up and down hike a Þiſh; 
and alſo to find ont the 
eAZagnetical Me- 


11d1an, 


ake a ſmall! Sewing Needle, and touch the two ends thereof upon 
T the two Poles of the Stone ; and having a glaſs of Water before 
you, take the Needle very lightly berween your finger and chum), 
and lay it Iighcly on the Surface of the Water, ſo that it break not 
through, and there it will Ilye ; then take a Knite that hath been touch- 
ed with the Load. ſtone, and bring it to aud again upon the edge of 
the Glaſs, and the Needle will follow it up and down z and will play up 
and down on the ſuperficies of the Water like a Fiſh, and then rake awa 
the Knife, and the Needle will immediately poſite ic ſelf ro the Meridian, 
pointing due North and South, 

Such an mferiour inſtrument as this may ſtand men in great ſtead, in 
time of great Straits and Exigences, if they ſhould be ar Seca, and their. 
Compals be taken from them for if you put a Needle, being couche, 
through a ſmall piece of Cork, it will then perform this cﬀtc& exceeding 
well in all Storms and Tempeſts whatſoever, being born up by the Cork 
on the top of the Water, and the poſitzon thereof wall be contmually in 
che Meridian. 
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To infuſe Magnetical Virtue into a 
Needle without the help of the 
Load->tone. 


Ron being a Mineral of the Earth, and having a Sympathetical qua- 
he Load-fone | cquiring this Vertscity from the Magnats/m 
YMeig diſpeniea according to che various pohtions thereot 3 

tor a!l Iron, whoſe potition 1s Parallel © che Axis of the World, or 

Perpendic.:lar 70 he Horiz1n, the upper part chereot ſhall have or North 

Virtue, and the low:r part South Virtue, as Bars in Windows, Cale- 
Yn mcats, Tongs and Fire. Forxs, and all ſuch chings, &'c. And according 
re to the length of tae tim? of the poſitzox ot any ſuch piece of ron, the 
my, {tronger Virtue 1: doth contract ; (9 that once | made Experiment upon 
nor a (mooth piece of Iron, which had for ſeveral years been 1n a perpendicu- 
uch- lar poſture, and I filcd the upper end thereof bright, and rouched a ſmall 
Ce of new Needle chercon, the South end [ toucted upon the North or upper 
part of the ron, and the North end upon the South or lower end of the 


(- 


licy with 
of the Earth, | 


OSS Hen ms AB cw Ut won ot 


'u 
as Ire, and I found the Needle to play indiffcrently well, and co contorm 
1an, itſelt ro the Magnetical e Meridian, 

The Reaſon ot this is from the Nature of the Iron, it being a Mettal | 
|, in deduRted out of the Load-ſione, or out of a Mine of that kind ; the 14 
heir. beſt Iron-Mine and Load-ſtone is the ſame thing; for it being placed Ar. -vJ 
che, tificially in the Ar, or upon the Water,moveth North and South, attracts *\&FÞ 
ling «th other Iroy unto it, and performeth the ſame Concluſions as the Magnet S 


ork zr ſelf, 
4 delightful Experiment performed with: 
two ſewing Needles, being touch- 
ed upon the Load-otone.. 
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[* you touch two Sewing Needles contrary one to another, that is to 
' lay, the point of the one Neortherly, and the point of the other Sou. 


thaly, and put them into two (mall pieces of Cork, and put them thus 
un . 
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in a Baſon of Water; one at the one fide, and the other at the other (ids 
of the Baſon, you ſhall ſee them as it were quickned witha Vital Spirir, 
even ſo to move one towards the other ; at the firſt, fair and ſok:. 
ly, but when they draw near, they will ruſh together with great violence, 
the point of the one ſttzking preciſely at the point of the other : you 
mult place the N:edle that is touched from the North, on the South lide 
of the Baſon, and the other on the other fide, otherwiſe the heads and 
not the points will run cogether. 


Of Cementing, and Piecing of 
Load-Stones, 


JE a Load-ſtone chance to be broken, it will not at all be detrimental 

to the YVireue of the Stone, provided that they be joyned together in 
the ſame place where they were broken off, which may be ſet together ve. 
ry fr by the help of a Cement prepared tor that purpoſe, which 
1s thus made. 

Take the fine pouder of Load-ſtoxe, and halt ſo much pouder of Brick 
made very ſmall, one part of Burgundy Pitch, half ſo much Roſin, and a 
{mall portion of unwrought Wax; Mingle thele over a ſoft fire, and heat 
the two pieces of che Load-ſtone very hor, then take of this ("ement, while 
It is hot, and lay it on very thin upon the two pieces, and then joyn them 
together very hard, and as cloſe as you can, and ler it fo ſtand uncil it 
be cold, and you ſhall have it fully as Rtrong as if it were an entire Store, 
and not to be ſeyered bur by a great fire, 
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A lable ot the Moons Age for 7 Years. 


Beginning, with 1 67 2. 


M. ) Moons Age. 


| _— — —_——— 


«a Full moon. 
Ss JLaſt quarter 
= New moon. 
C3 , 

© CFirlt quartcr 


4-4 


New moon- 
Firlt quartcr 


Full moon. 
Xo quarter 


*AAPHs 


Full moon» 

Laſt quarter 
New mOOul. 
Firlt quartcr 


"P4rIN 


Full moon. 

Laft quartcr 
Ncw-moon- 
Firlt quarter 


Full moon. 
& quartcr 


1:44 


*Kr1N 


New mOON. 
Firſt quarter 
Full INOON» 


Laſt quartcr 
New moons 
Firſt quaztcr 
Full moon, 


os 


24 


23 


H. 


10 
12 
I6 


I2 
07 
O2 
23 


M 
32 
24 
O02 
15 


| 


| 


M. © Moons Ape. 
La't quarter 
New mo90n. 
Firſt quarter 
Full moon. 


D 


Laſt quarter 
New moon. 
Firſt quarter 
Full moo:. 


YuIny 


WH 
"» 


\ Laft quarter 
5 New Moon. 
7 quartcr 
3 ( Full moon. 


wy 


New moon. 
Firſt quarter 
Full moon, 


Yo quarter 


*494020 


Laſt quarter 
New moon» 
Firſt quarter 
Full moon. 

Laſt quarter 


I Yi MOON. 


*1IqQUtIO NG 


Firſt quarter 
S. Full moon. 
> CLaſi quarter 


— — —— I > — 


2 


H. 
O6 
20 
O2 
0+ 


12 
O5 
19 
18 


15 


/ 
13 
O6 


OO 


07 
O09 
7 


09 
23 
04 
04 
20 


18 
20 
14 
11 


Four Eclipſes this Tear, two of the Sun, and two of the Mcon. 
1. Of the Sun, F:b 18, 02h. 47m: and is viſible ncar the Catpian Mountains, Nown | 
Granada, ARores, Brafil, 4. Ot the Sun, Aug.12. 05h. 338m. P.M. and is * fible in 
the North part of America, Nova Francta, Mexico, Cuba. 
>. 02h, 271m. P.M. vitiplein New Guiry, Japan, Cathay, 
4a, Egypt, Muſceria, Ruſſia, Lapland. 4. Of | 
vittote in Peru and Fucatan, Mexico, Florida, Barbary, Wediterrantan Sea, France, 
Welt part of Germany, Nourih of 4 mericay St. aitirs, IſelandsFriczland,Greenland 


3. Of the Moon, March 
New Spain, P* ſia, Tarta- 
the Moon, Avg 27. 1th. 16m. P. M. 


d 


he —_—_ 
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2 ATable of the Mogns Age for the Year 


— 


| M: 3 Moons Age+ 


| ——— 


We? ; New Moon. 
S 0? Firſt quart. 
Ih, Hui 

5 Full moon. 


© tLaſtquart. 


3 New moon» 
c Firlt quart. 
, Full moon. 


—_ 


(uvniqa 


Laſt quart. 


New MmoOOt!. 

Firlt quart. 

Full moon. 
, Laſt quart. 


*fI4PJN 


New moOlt- 
'V Firlt quart. 
= {Full moon. 
Laſt quart. 


New moon. 
S Firſt quart. 
TD 
= {Full moon. 
Laſt quart. 


Ncw moon. 
= / Firſt quart. 
$ 3 Full moon. 

Laſt quarr. 


Em 


I 6 7 3+ 

H. | M | M. * Moons Age. | D.1j H.,M 
14 | 04 New muon. | 03 14 07 
o9 | 55 BUFirſt quare. | 10 | 07 | 11 
or | 18 SZ \ Full moon. | 18 | 07 | 9 
04 | 10 Laſt quart. | 26 | 05 | 2; 
o9 | 28 New moon. [ot [21 | 1, 
19 | 44 >\Firſt quart. | o$ | 19 | 9, 
12 | 22  <Full moon. | 16 | 22 4$ 
23 | 04 * JLaſt quart. | 24 | 14 03 
New moow. | 3t | 05 25 
00 | 41 & FFirſt quart. | 07 | 10 | 23 
03 | 06 83 eFullmoou. | 15] 14] 16 
231 58 fo quart. |22] 21 | 35 
I1| 53 3 (New moon. | 29 | 15 | 2g 
| 131 25 - __ quart. [o7[ o5 | x1 
cg | 13 = Q Full moon. } 15 | 04 | 45 
12 | 20 T $Lalit quart. | 22 | 04 58 
13 | 05 " « New moon. | 29 | 04 | 02 
22 | 21 2 {Firſt quart. | 06 |-02 | 21 
15] 18 Q Full moon. | 13 | 18 | 07 
ol | 29 » Laſt quart. | 20 | 13 | 05 

©5 | 22 * (Ncw moon. | 27 | 19 | 2 
07 | 10 S ZFirſt quart. | o5 | 23 | 36 
22 | 15 $ eFull moon. | 13 | 06 | 24 
I5 | 47 8 jLaſt quart. | 19| 22 | 27 
18 | 48 UNew moon. 27 | 13134 


Two Eclipſes of the Sur. 


I.. Feb. 6. 09h. 28m. P.M. Vilible at the Cape of Goed Hope, New 
Guiny, California, New Spain, Mexico, Florida, Virginia, New France + 

2+ Aug. 1. 21h. 14m. P.M. Viſible in the Atlantick:Sea, Arabia, Inr 
dia, China, New Holland, Madagaſcar. 


A lable ot the Moons Age tor the Year :| 
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1674% 


OO — 


M. . Moons Age. 


Firſt quarter 
Full moon. 
Laſt quarter 
New moons 


Caratr 


© Firſt quarter 
Full moon. 
Laſt quazrtcr 
New moon» 


*\(.u Haqo 


Firſt quartcr 
Full moon. 

Laſt quarter 
NCvw mOOuls 


*ÞATJN] 


Firſt quarter 
Full moon. 

Laſt quartcr 
New moon. 


Firſt quarter 
Full moon. 
Lalt quarter 
New moon. 
ON quart. 


Fu]] moon» 

Lalt quarter 
_ MOON» 

Firlt quarter 


*C1H / 


19 
20 


23 } 06 
29 |} 22 


TIE 


no SS} -— wo 


LHINy 


AUF 


q10 


.* f 7 


"KIqQUtal0N] 
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Two Eclipſes of the Sun, ans 
1. Ofthe Sun, Zan.z6, vih. 52m, P.M. Viltb'c at the Cape of Good Hope, Cali- 


fornta, New Brirain. 2. Of the San, July 22. 14h. 35m. P.M. Vitible at the Cape 


of Good Hope, New HiUand, China, ard the South Sca. 


4. Of the Moon, Fuly 7. 09h. 35m VN. Vitble in Japan, Lythe 
vania, Meſcouy, Poland, Ger many, Mayork , Miny01 'B Barbat y, Guiny, 


a 2 


M.} Moons Age. 1 D. ; H. | M 

Full mwon. | 07 

BW JLalt quarter | 15 | 12 | 12 

= J)New moon. | 22 | 14 | 35 
Firlt quarter | 29 | o5 | } 4 


Full moon. | o5 


23 2 
Laſt quarter | 14 | OI | 5$ 
New moon. | 20 | 22 13 
Firtt quarter | 27 | 14] 51 


\ Full moon. | 04 | 15 | 45 
Laſt quarter | 12 | 13 | «2 
New Moon. | 19 | 06 14 
Firtt quartcr | 26 | 04 13 


Fu!l moon. | 04 j OS | 2B 
= JLaſt quarter | 12 | 00 | 18 
; }New moon. | 18 | 15 | 35 
Firlt quarter | 25 | 22 | 03 


- Full moon. | oz | ol | 257 
Latt quartcr | o1 | O9 | 17 
New moon. | 17 | 03 | 0s 
Firtt quarter | 24 | 1S | 50 


S; Full moon. | o2 | 17 
S JLaft quarter 
= New moon. | 16 17 
S = : ; 
J Citi quarter | 24 1 16 


'S 

S 

hang 

%] 
V3 = WW 0H 
GOS1 O + 


and two of the Noon. 


n ?. Ot the No M1, Fan 'Y f 
17h, 32m, P.M. Vihble in the Taztarian Ocean, Natolia, Nediterranean Sea, £289Þt, 
Pacifick-Sea. ; 


| 


— _— —_ 


h A Table of the Moons Age for the Year 
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1675 
M. > Moons Age. D. | H. — |= 3 Moons Age. D.| H.|M 
Fall moon. or |07 |39 Lalt quart. 04 10] 15 
& Laſt quarter [08 | 01 {42 D ry 121 04| 34 
E New moon. | 15 09 | 41 S YFirſt quart. | 19] 00 [0g 
S Firſt quarter | 23 13 |18 _Full moon. | 261 03 | 10 
Full moon. 130 | 19 | 47 | > JLalt quarter! 031 031 13 
—) al quarter! 05 | 10 56 New moon. | 10| 14 | 14 
5 New moOoN- j 14 [03 | 25 | =.) Firlt quarter | 17] 05 | 53 
. LFirt quarter 22 {06| 30 | Full moon. | 24] 161 46 
( 8 [ 
Rite. for Jorl a5 | | MfLet anne opt 20128 
CREED apt : Firſt quarter S 14| 03 
& <New moon. | 15 |21| 05 $3} - 15] 4 
S- Firſt quarter [23 j21 | 05 : ui MOONe | 231081 40 
Full moon. |30 114 0g | Lift an = 54 
C rlog! 10) 2 SJNew moon. | 0$| 07 | 44 
> _ 131 28 | S<firltquarter 1510136 
I. IFirſ quarter | 22 | 07 | 27 J 25s n+ jre{ hl 
Full moon. | 281 211 58 a —_—_ 
| | 2 (Ncw moon. los 181 21 
= ns = = > - Jin quarter| 13 | 16 G 
S YFirlt quarter | 21 bs 4% —_ } 21 be i5 
Full moon. | 281061 15 * LLalt quarter; 291 121 34 
Laſt quarter! 041 17! 11 [ _ moon. | os] 04| 14 
Be New moon. | 12 17, 22 Y* S (Firſt quarter | 13] 03 | 49 
| EZ FFirlt quarter | 19| 19 35 | I Ful-moon. | 21| 15 | 22 
" TFull moon. | 261 35 46 | ” LLaft quarter| 28| 21] 51 


, 


| — —— 


Five Eclipſes, Two of the Sun, and three of the Mocn. 


he Sun, June 12, 17h. 22m. P.M. Vihble in G eenland; Tartaria, Cathay. 

2. ppt Sun, _ 6. 4b, 14m. P.M. Viſible in the Arbropean Sea, Cape (| 
Good Hopes England, Spain, and Barbary. : 4 
ifible in Guinys Moreco, Friezlaud, Greenland, Japan, Java, Indian Sea, Braſil 
beware, mae +4 Of the Moon, Pune 26, 15h a6m, P.M. Vilid'e 
n Seay Baltich Sea, Norway Sea, New Spain, vt. Lawrence, 
" ry fy 15h. jm P.M. Vikble in Greenland, Tartaria, Per- 
faa, Bazorion Sea, Barbary, Magellanice, Caleforrta, Cp! ws. 


Nova France, Nova Albion. 


— 


2. Of the Moon, Fan.1. 7b. 39m.Þ.M, 


—i 


h—m——_ 


A Table of the Moons Age for the Year 5 
I 6 7 6+ 
M. 3 Moos Age. | D. 4H. M M. Moons Age. \ D.j H.i; M 
hm, ; New Moon. 04116 | 55 IP ir quart. [O7 | 21 18 
Firlt quart. | 12 | o$ | 52 Full moon. | 14 13] 40 
Full moon. | 29 | o7 | 20 Ll ors quart. [21 | 23 | 5$ 
Laſt quart. | 27 | os | 54 New moon. | 30 | oo | 5, 
2 New moon» 03 Os ; 59 Firſt quart. O6 | 02 46 
S « Firlt quart. | 1x [os | 15 E Full moon. | 12 | 23 | 26 
S {Full moon. | 18 | 20 | 27 2. {Laſt quart. | 20 | 18 | gz 
E Laſt quart. | 25 13 | 4+ New moon. | 28 | 12 32 
New moon: | 03 | 22 | 10 Firſt quart. | 04 | 08 36 | 
0 Firit quart. | 12 [or | 52 S eFullmoon. f11] 11 36 
I q Full moon. | 19 | 06 + 46 J Laſt quart. | 19 13 *1 
g Lai quart. | 25 [22 | 02 3 {New moon. | 26 | 23 17] 
New moon. | 02 | 13 | 59 Firſt quart. | 03 | 15 5of 
SD 2 Firſt quart. | 10 [17 56 = 0 Full moon. | 11 | 02 a5l 
=: {Full moon. | 17 | 15 | 06 FILE quart. | 19 07 | 26 
; Laſt quart. | 24 [07 | 35 New moon. | 26 | 09 34 
New moon. | 02 ] o5 | 57 2 Jr quart. | 02 | c1 23 
— Firſt quart. | 10 | 06 | 03 E QFull moon. | cg | 20 | 45 
© <Full moon. | 16 | 22 | 23 > Laſt quart. | 18] oo | 38 
* L:ſt quart. |23 [18] 44 > (New moon. | 24'| 19 | 5$ 
New moon. | 31 [21 | 27 
Firſt quart. | 01] 14] 14, 
Firſt quart. |S | 14 | 46 F\Full moon. - | cg | 16 | 27 
ol Full moon. | 15 | o5 | 39 S <Laitguart. | 17 | 14] c$ 
Laſt quart. | 22 | o$ | 09 © New moon. | 24 | 06 | 34 
New muon. | 30 | 11151 | * Ceirſt quart. [31] 06! 35 
Two Eclipſes of the Sun. 
I. May 31. 22h. 27m. P.M. Vitible in Groen! and, Terra Nova, Hi- 
|ſpaniol.s, Cuba, Lybia, Newmidia, Crete, Cyrus, - diterr anean Sea. 
Arabia, Indian Sea 2. Novemb. 24. 19 h. eh me. F. M. Viliblc inthe | 
ZEtbi 9p1an Sea, Mad. waſcar, New Guiny. 


” we - 
« - 


's A lableot the Moons Age for the Year 


ES 
Mz }) Moons Age. | D.I HIM M. ' Mvons Age. D. | 4. M 
wa Full moon. | 08 | 11 | 41 oye moon. | 04 | 05 | 50 
S Q Lalt quart. | 16 |ol | 23 BW? Laſt quart. | 11 | c1 | 29 
& New moon. | 22 | 17 | 35 = New mCcon- | 19 | O+ | 52 
= QFirfiquart. | 30 | ol | 41 Firit quart. | 26 | 21 } 58 
XY Full Moon. 7 | 04 | 50 Full moon. | oz | 12 | 57 
2 \Lalt quart. | 14 | 10 | 20 >QL3ſtquart- | og | 15 | 02 
2 2/New moon. | 21 | o5 | 25 72 <New moon. | 17 | 19 | 1$ 
G FJFirlt quart. | 28 | 22 | 19 + #Firſt quart. | 25 | 05 | 27 
: Full moon. 31|21| 28 
| Full moon. | 05S | 19 | 05 Th Laſt quart. | o$ | og o 
S Laſt quart. IS | 17 2 T Ncw moon. I6!'/ C09 | 21 | 
S. {New moon. | 22 | 17 | 57 F 3rd quart. | 23 | 12 o8 
” Tirſt quart. | 1$ | 04 # ? Full moon. | 26 | o8 - 
Full moon. | 07 | 06 | 2 © Laſt quart. | o$ | O04 | 44 
> Lalt quart. | 13 | 23 | 43 WV New moon. | 15 | 22 | 49 
=. CF New moon. | 21 O7 +7 I Firf Quart. 22 : I9 | O06 
Firſt quart. | 2 11 | 18 * #2 Full moon. 294 22156 
Full moon. | 06 | 15 | 34 _ ; Laſt quart. 07 | OI | 11 
S ULatt quart. | 13 |06 | 29 s (New moon. | 14} 11 | 15) 
* \ New moon. | 20 | 22 | 27 T1 Firit quart. | 21 | 03 | 24 
Firſt quart. | 29 | 01 | 35 * 2 Full moon. | 2$| 16 | 14 
Full moon. | 04 | 23 | 04 & 3 Laſt quart. | 06 | 20 | 40 
= {New moon» | 19113] 3 =9 Firlt quart. | 20 | 14 | C9 
Firſt quart. | 27 | 14 | 53 ©? Full moon. | 2$ | 11 15 


St, Martins, \ writan;a. 
Zapan, Seuth Sea, America, New Granadz, St. Thomas, New Spain. 
Moon, May 6. 15h, 34m. P.M. Viſible ia Braſel, St, Lawrence, Poland, Iſeland,New 
Spain, Norway, Cape of Good H pe, Barbary, Friezland, North America. 
the Moon, Otob.29. 22b. 56m. P M, Viſible in Magellanica, Iſeland, New France, 
Florida, Cuba, Eaſt Sea, Malabar, Caſpian Sta. 


Two Eclipſes of the Sun, and two of the Moon. 
7. Of the Sun, May 20.22h.27m P.M, Vitltble at St HelenaS. Mary, Madagacar, 
2. Of the Sun,, Nov.14. 11h. 15m. P.M. Viſible in China, 
2. Ot the 


4. Of 


bo —— 


—— 


ES. is a. a. 


A Table of the Moons Age for the Year 7| 


A— 


1678. 


M. 3 Moo Moons Age- 
a ſLaſt q quarter 


Full moon. 


Now moon» 


O Ncw moon. 
S. Firtt quarter 
Full moon» 


Toew moon. 
Firſt quarter 
Full moon. 


New moon. 
Firſt quartcr 
Full moon. 


(7 IN 


New moon 


*aunſ, 


Full moon. 


D. H.1M 


M | |= 


05 13] 4! 
New moon-| 12 | 09 | 08 
Firſt quarter | 18 
| 271 03] 33 
by quarter| 04| 03 | 27 

10] I9 | 01 
Firlt quarter | 17 | 
3 Chun moons 26 | | 00. 13 


03145 


20| 05 


Laſt quarter] 05| 13| 30 
12 
19 
27 
\ (Laſt quarter 03! 191 41 
10 15/28 
18|08| 25 
26 
Laſt quarter | 03 
10|02| 59 
18 |02| 07 
25|[14i51 
Laſt _—] OI | 07 


08! 151 44 
Firſt = is 


04 53 
I4+| C5 
"__ 


m—_ 


Laſt quarter! =. nd br 


_- 
—— 


—_ 
. 


M. 2 Moons Age- D. | H. |M 
New moon. | 08 o5 37 
DB JF irſt quart. | 16] 08] 38 


© YFull moon. | 23/06 O7 
Laſt quart. | 29| 22 105 


New moon. | = 20! 38 
Firſt quarter 20] 49 
S ) Full moon. 21 13] 16 
gs quarter | 28| 10] 00 


New moon. | o5 | 12 | 44 
on 13| 06! 53 
pr 19|21]| 38 
Laſt quarteri 27| ol | 23 


New moon- | og 05 | 0g 
Q 4 Firlt quarter '15|2 
T þ Full moon. I OS | 0g 
* (Lal quarter 26 20 07 


TH moon. | 03 | 21 19 
Firlt quarter| 10| 23 | 12 
Full moon. )J17|21] 10 
Laſt quarter 251 17 35 


Sa [oz[ 11] 52 


© UF irli quarter "_ I 4 
g FFull moon. | 17 2 


Ft Laſt quarter 25 bg I2 


Nov. 3. 21h. 19m, P.M, 


Of the Sun, April 10. 15h. 28m. P.M. 
04. F. 5h. gm. PM. Vidble in Magellanica, and Terra Incognita. 
Viſible in the North Seca, 
3*m. P.M, Viſible in the North of America. Great Fartaria, Caſpian Sea, Arabia Fe- 
lix, Belgia, Baltich Sca, Germany, Savoy, Mediterranean Sca, Barbary, Libia,Guiny. 
5. Of the Moon, Decemb. 17. 12h. 42m. Viſible in the North cf America, Archipela« 
£%, Guiny, Ducalidenia, Ijeland, Java, New France, Brafal. 


Vihble in Tariaria. 


Five Eclipſes, three of the Sun, and two of the Moon. 


2. Of the Sun, 
2. Ot the Sun, 
4. Ot the Moon, April 28. 04h. 


The TL.yde-Lables, 


—— 
DO 


A Table of the Tvdes of the Sea-coaſts of Great 
Britain, Ireland, Norway, Holland, Flanders, France, 
Biſcay, &c. Shewing what Moon nakes a full 
Sea in cach of theſe places, at every day of the 
Moons Age, after the Full or Change. 


The Deſcription and Uſe of the Tables. 


Pie ycu are to underſtand that the firſt Column of the Tables ſhew- 
eth the Age of the Moon atter her Full and Change 3 and the Sccond 
and Third Columns ſhew the Hour and Minute ot Fu!l-Sea at cach 
reſpective place mentioned in the {aid Tablcs 3 and the fourth Column 
ſheweth the Names of the {aid Placcs 3 and the Fifth ſhewcth the Sct- 
ting of the Tydes upon the ſame Point of the Compatls, expreſt in the 
Title. And alſo in the Tittle you have the Hour when tlic Moon 
cometh upon each reſpective Point of the CompAGs at Full and Change. 
The uſe of which Tablcs ſhall be further illuſtrated by this following 


Example. 


'Suppoſe you would know what Moon makes Full-Sca at Dartmouth 
and Torbay, and at what Hour it cometh to ſuch a Point of the Com- 
paſs, and the time of High-water any Day of the Moons Age. Firſt, 
Look for Torbay or Dartmouth, which you will find in Page 12 of the 
Tables, under the Title of E.zj# by North, and Weſt by South, which 
doth ſhew that at the Full and Change of the Moon the cometh on chat 
Point of the Compaſs, which is at 5" 15” in timc, when it is Full-Sea 
in the torcmentioned places. 

So likewiſe if it be demanded what time it will be Full-Sea when the 
Moon is ſix daycs after the Full or Change 3 Therctore look in the firſ 
Column for 6, and right againlt it, in the ſecond and third Columns, 
you will find 10 of the Clock, and 3 minutcs paſt, which is the tine of 
Full-Sca in the forementioned placce, at that day of the Moons Age, 


North 


— A— PIRy Fa FLY Pint Fay 4 


The Lyde-Lavles, 


North afd South. 


D. H. M 12 hours, 10 minutes. REES = 

001LT2J0O | [ame Point. 

01,12/481 Inthc Road of Gibralter. Ou the Coaſt many 

02 o1 36] Flanders, At the Nurth-foreland. At thc Nſ+ to By- 

03102124] Futland-INlinds. Betore the Hever, Eider, Pcs 

04103|121 and Elve on the Coalt of Holland. At Dover | > 

2510400] Peer, 011 Beachy ſhore. At Orfirducſs 3 inthe 

06104148] Condadoz bctore Enchuyſen, Horn, and Urchs 

07J05| 36; Dunkirk; Halt-Tyde at Newport. Halt-Tyde 

o8[06|24] at Poriſmonth, and the Iſle of IVight. In thc 

29 07] 12] Sleeve between UVſhant and Silly. At Bulem | 

tolo8lo0j and Graveling. Betore Gherbrough, and the 

1x/08]48 Race of Blanquet. At the Shooe, Lzight, and | 

12/09 36| Kentiſh Knock Spurs, and along the Swin. 

tz) 1024 | 

14111112 

15|12]00 "RY - 
North by Eaſt, and South by Weſt. 

Dy Mt 12 buurs, 45 minutes, OLSD 

00112145 ; ſame 1 oint, 

orjorjaz3h AtGarnſey. At Fluſhing. Thwart of Bea- "From Bo- 

02102[21] chy in the Offing- At IWinchelſey. Within the leign to the 

03103109; Maes. Within Terveer. In the Chammer oft Gia, 

04[03|57] Ric. Welt 2nd of the Nower. At Rocheſter and p.m $44. 

25194145] Malden: ples to Bo- 

06[05} 33 leighs 


| 


Lhe LTyde-Lables, 
North North-Eaſt, and South South-Weſt, 
D.|H.|M OI hour, 30 minutes. Setting of the 
nn {_— : Tydes on th 
»oj01]30] Before the Maes and Goree, Before!ſame Point. | 
21102; 181Teryeer, The Werlings, On the Coaſt of From Calice 
Wy o6| Zealand, Before the River ot Thames, |to Boleign. 
Fi, = j} T\Beforc Yarmouth, In the Downs. Thwarr | 
ns = = of Dongineſs, From the Weſt end of 
6106] 18|/Pight., Without Calice and Blackneſs, 
27z107106'In Bluet, At Bell-Iſle, under Holy-I/land. 
(08[07|54] Linmouth, Graweſ-end. At Corpus-C briſti 
29193 :42/Point, Beforc the Fen in the Channel. 
” oy 3:|At Horn, Edam, and before (anfer. 
Bt 16: o6/At Army, Remkjns, and Camfer, At 
4 [2 = 
5101130 . Lo —_— 
North-Eaſt by North, and South-Weſt by South, 
1D-]H- M 02 hours, SS MINKICS, Setting of th* 
—— 5 Tydes upon tht 
Point. 
011031033 Without Bluet, Before the Maes, GE 
02193105] Before the Weilings, St. Anarens. | 11 
= >. 391 Denby, Without Fountnay. Tamer. 
From Dun- 
Mc o x kirk to Gra- 
veling. 
- 07 Fl | From Sta- 
. _ = ples to Fe- 
ram. 
id bd ba. From Dart- 
ws ai 144 mouth to 
j 32,0038 Exmouth, 
I3 I2]139 
{14)01]27 
| x5loz'ig 


LD —— 


| 
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The Lyde-Tables, 


i5lo3 oſs 


North-Eaſt and South-Weſt, 


03 hours, 00 minutes, 


At London, Amlterdam, Dart, Roterd am, 
ZierickZee. Rctore N-weajtle. In Robin- Hyd, 
Bay. Bcfore the Tees and Hartlepor!, With- 
out the Banks of Flanders. Between Caltire 
and Dover. Bctore Conguet, the Pexns, Groy, 
Armentiers, Uſe, Killiars, Porthis. The River 
Bordeaux. The South Coati of Breeaign, 
Gaſcoign and Poicfon. The Coaſt of Biſcay, 
Gallicia, Portugal and Spain. North-Cape, 
from the Race to the Pole-head. Betore the 
River of Nautz, and bctore the Bay of Tin- 
month. Quarter Tyde at Flambrough-head ; 
on the Welt Coaſt ot Ireland. At Boeckincſ; 
and Orkneſs. In Shotlaud and Fair-Iſte. 


M 


| At Roven, Silly. 
At Breſt. in the Sound. Between Vſhant and | 


03 Dours, 45 mitutes. 


Berween Dover and Calice. At the Maes. 
Batore St. Mattherrs Port. 


the Main. Bctore the Baſr7. At St. Matthews. 
Before Rochel. The: River of Bourdeaux 
within the Haven: On the Coaſt ot Spain, 
Portxpal,” Galicia, The South fide of Bre- 
tagnyGaſcoign, and the Welt Coatt of Ireland. 
At Heentclif-foot. Hilt- Tyde at Flambrorgh- 
head. Quarter-Tyde between it and Brid- 
lington-By. 


b 2 


ms 


Serring of | 
T)d.'s KP N it; 


ſame Point 


From C a, 


42 Hazuz i 


Al derncy, 


througi 'Ty 


Pl CH I 


| Racc of Al- 


From Garsz 
fey ro the 


Carketss 


— | _— ——  ————— 


North-Eaſt by Eaſt, and South-Weſt by Weſt. 
Sertirg of the 
T yds upon the 
1 ſame Points 


From Mtl- 


From Struy- 
ſaert to Deep 


From the 
Lizard to 


thc Start. * 


From Cape 
Cleere unto 


Londey. 


m—— ——__—_——— _—_——— 


ee I. 


ane 


——_——— 


The Tyde-Tavles, 


[2 
Eaſt North-Eaſt, and Weſt South-Weſt. 
; Setting o 
= = = O4 bour, 30 minutes. Tries b 4 = 
, I Ws. 18 Betore Humber, Flaumbrough, Se irbrough, ein 
22106106] Abberwark. In Falmouth. In Mouſe=hole. Sept. | +, "wha 
23106154] Ifſes: Without the Haven, in the Broad | From Ber;h. 
24107142] Sound. Without the Fowrn. All the South | feur to Srruy- 
ov5|o$130 Coalt of Ireland, as King-ſale, Cork,, Yough- = - es - 
261091 18| ball, Waterford, and Cape Cleer. In the Bree- | ;\. Erom Cape 
0-\10!o6| Joundand Vourd, The Gleſts of Texel, Bloy, ! Cleer to the 
>$|19\54 and St. Matthews. At the Pay wichin Uſhant. - : a Saltees. 
29111142] At Calice in the Creek. Dungarvan, Balti- ' qa} yp 
10412130! More. Within Moxnts-Bay. In the Sea of Holms unto 
txlorlis} Wales and Severn. | Briftel From 
Silly to the 
ws 06| ands end of 
13]102|54 England. 
14123142 | From the Star! 
lFlog4'30 Z | O Port/and, 
Eaſt by North, and Wett by South, 

D.[H.|M| O5 hours, 15 minutes. Teting of the 
3 ve _- In Dartmouth and Plymouth , Foy and Tor- {ome Point. 
oelfles bay, Falmouth, Milford, Ramſey. In Wales. From the 

| Thwart of Londey. Before Lin. In all the | Iſle of Baſs 
0 ot 39 Havens on the South Coaſt of Irelaxd, and in | £0 the Fory 
bs. Ks wc the Bay of Carnarvan» At the Mouth of Se- | From the 
05199125 vern, Between Silly and the Lizard. At | Dorſeys to 
06120109 Garnſey, and before St. Pauls. At the Spurn, | Cape Cleer. 
oe = my New-caſtle, and Humber. At Mooules and From Silly 
08111139] C414). to the Lz- 
OS1 121247 | zard. From 
I©OjOl IF Portland to 
I TjO2Z O03 Wight. 
I2;02!'Fi From Wight 
13193132 ta Beachy, 


Lhe Tyde-Tables, 


_—_m In 


p 


Eaſt and Wet, 


O6 hours, 00 minutes. 


Before Bremen, Teſſel, and Hamburgh. At 
Blackney, Wells, Hull, Ccncalla, St. Mallows, 
St. Powls in the Haven. Without Silly in the 
Chanuel. Betore Bordeaux. Without Vſhant. 
At Lin, Halt-Tyde. JVeymonth, Londey, and 
the Holms. At Briſtol, Waterford, and Aber- 
moricks | 


Eaſt by South, and Welt by North. 


O6 hours, 45 minutes. 


Betore'St. Nicholas and Podeſſemske. In 
- Reſſia. ' At Weymonth-Key, Briſtol-Key. Be- 
tween Foy and Falmouth in the Channel. 
Foutneſ.. 


Setting of th 
Tydes upon the 


Jame Point. 


From the 
Carkets to 
Berchfleny. 

From the 
Lands end 
of England 
to the Lz- 
zard. 


Setting of the 
Tydes upon the 


ſame Point. 


\ From the 
Iſte de Baſs | 


to Marwa- 
| Hers 


"The Tyde-Lables, 


Eaſt South-Eaſt, and Weſt North-Weſt. 


D. H. M 07 hours, 3O minutes Senhaof os 
ws. a4 ” Thwart of Plymonth, and off the Seart, in _ __ 
>2[09|06 the Channcl. At the Lizard by the Land. In =] Po 
5200 Between Morſe-bole and Falmouth. In the __ c 44 
"3 914 Offing. In the midit of the Channel. At Kil- ack, tO Saunt 
"7 _— duyx. In the Road of the Texel. At the Neſs Matoes . 

5 ah zo! by IVieriaghen. At the Entrance ct the Emes, From Berch- 
ht 82/16 or the River of Enden. Betore the Coalt fleur tO 
o ono! of Friezland and the Fly. Mulford-haven. Seynhead. 
- o1154} At Cape Clear, 
09102142 

to[03]30 
I1104 18 

I2]JO5jO6 

13]0F[54 

14106 42] 
E31072120 

South-Eaſt by Eaſt, and North-Welt by Welt. 

D. H. M 15 hours, 15 minutes. Song of «4 
- S: {5 Thwart of the INand Wight in the Chan- | = 
02109 51 nel. Without the Carkets in the Channel,  Giraſey in 
oz[10|29| Between the 1Vight aud Beachy by the ſhoar: | Mo | as 

; 391 Without the Fly. To the weltwards of the | © EF array. 
9411117] Foreland. In St. Magnes Sound. Tarmouth. | Without 
*5 1221291 At St. Helens. Machnels-Caſtle. Dublin and | **E Seven 
EY Lambey. Iſlands. 
ozJoilgi 
o8102]39 


—o 


Lhe Tyde-Tavles. 


I5 
South-Eaſt and North-Wett. 

D. H M C9 hours, 00 minutess re Au - 
as Kc OO Jame \oint, 
01199145 Between Garnſey and the Cackets. At the "Iv the Bay 
02110[36] Race of Portland. At the Eatt endot the | ,F Aeon, 
03|r1[24| Wight. Within the Seyz. Before Cromer, | perween 
24;12[12] Winterton, and Tarmonth. Fricz, and Wie- Meta ace 
>5|01 oo] ringer-Flat. On the Coatt of Fri2zland. Be- | the Treacte. 
26101148} fore the Eaſtern and Weſtern-Emes, Btore | p,,.. 
07102[36| the Fly and 'Scholbalgh. At Egmont 'and 
o$103124| Harlem of - Baſs. Bctore the Carkets and | 
29104112] Garnſey. At Orkney, Dunbar, and Kildnie. 
1010500] At Fatr-Iſles. Seven-Clifts. At Home-head, 
1051485 and thwart of Plymwth and Dartmouth. Iſle | 
12/0636] of Man, and Cateneſrs 
1340724 
14108|12 | 
15109100 

South-Eaſt by South, and North-Weſt by Welt, 
D. = M 09 bours, 45 minutes. I SE => 
_ _ i Thwart of Leytaff without the Banks. on inn 

33 eedles at the Tſe of Wight. In the | Bffore Cor 
O2]r1121 The Neeales 3 © Wiol > h calo, aud thc 
03112109 Channel thwart ot Wight. T e Caskets Iſland of Se. 
oa|12]57 thwart of Garaſey in the Channel. Art Dun- Michael, 
oclon J noſe, Tergon, Orfordneſs and Albrough 3 and m 
25122145 at Leytff, and at Chamberaeſs. 


The Tyde-Lables. 


E——— 


| 


South South-Eaſt, and North North-Weſt. 


D. HM | Io bours, 3O minutes. | ow ther 
wy: _ "” At St. Helens and the Cows. At Orfordne(s, a 7 
22|12\og| 32d Harwich wichout the Banks. In Tar- =_ ya} 
2 2 12|54 month and Leyſtaff-Koad. Betore the Rives of fl " " 
04101142 Thames. Bctwcen the Iſle of Wight aud the = 
o55102|30 Main. At Bu!lzya-deep and S:y1-bead. In R. rom Cape 
4 2 + the Foſſe of Caen. At Struyſaert, and all the wy nd 
6h Is, 6 -Coatt of Normandy and Picardy.Caltce-Roads = F _ 
8 my. In the Frieth. At Leyftaff, Quarter-Tyde, | 4744+ 

+154] Harwich, Dover, aud the South-Forelaxd. Bc- | 
9915142} tween Orford and Orwel-I/aves. In Chamber- 
19106130] xeſi-Road. In the Downs: 
11107118 
12]0$]c6 | 
13108[54 
14]09]42 | 
i5j10]30 

South by Eaſt, and North by Weſt, _ 

D.jH|M 11 hours, 15 minutes. ny 5 
2C[LI|15 ſame Voint, 
0112/03) At Cows and Orfordneſs within the Sands, | From Saint 
O2[1215 i] and Hampton, Portſmonth,and Dunnoſe. Betore | ygrhews- 
03121139] the Haven of Caet. Fair-Iſle-Roads. Har- | Point to the 
04192127] wich within. Bctween the Naze and W.mrbead B.cke-Ovens. 
05193115] of Lower. Inthe Chamber and Gore end: Be- | From Font- 
06104[03] tween Cripple-ſand and the Crey!. In the | nay tO Saint 
o7104|5 1] Frith, and bctorc Margate. Mattbews- 


Potiitts 


s 


A Talle of the Suns Right (Aſcenſion, 
; ril | May | June 
| Fanuary | February] March") Legs [| — | = 
W fe ws wb ght | right | right 
N 'obt right right reg g _ 
1.3 a alcen, alcen. ſ 
N = aſcen, a — - = as a 
TIT I k Sees 615 © 
1] 19 35 | 21 42 | * w (Eo | ”X 
—_— 2 - i a TE = 
44 po . - © 5 a 2H 
- -—>oll bee =. - -.. RE. = 
EEE = 70 5 LF = 
6 IS F6 | 22 ©2| 23 46 = * 3 
7 |20 O00|]22 o6|23 F ks SIS 
«ne [> , + © JE 8 
—_ | *M- - s T3 - J0LE 
to |20 13 | 22 4 b- O . | 
It | 20 4 p4 2110 + 7 4 ; 115-8 
== ry penee- | | at 2 06]/4 03] 6 os 
13 | 20 26 | 22 4 I Þ en 
_ | bs S 314 F016 ms 
3 15 |20 34 |22 36 | © 9 | ET = 
__ 24 box p64 ns. hb 28 [4 3]C ag 
4 I7 | 20 42 |22 44: © _ a we : band þ ne 
18 |20 46 |22 48 [© ns 7 x28 
it Io | 20 FO | 22 ay = 15 z2|/4 zo|s 38 
—|—Z|—L£| 36 |4 34|6 42 
IC 21 | 20 58 |22 59|9 41 : - - q' a. 
5 22 |21 03 |23 0z3[© 4 Ws 
t- 23 |21 ©7|23 06|0 , #:: +. 
nt 24 |21 11|23 10|0 F > ts Sl 
25 | 27 IF | 23 33,0 55 | —- 
26 | 21 I9 ;23 17, © F9 | SS Yv4i4 qt 
| * I” FLW I 
27 |21 23|23 21 93 m6 
28 [21 27 23 26 I _ Z «4 f. = - Ks 
oo | . | ST 22219 
30 |21 } I * 3 = 
TY 21 38 | | 1 7 


18 A Table of the Suns Right (Aſcenſion, 
—— Fuly | Anguit | Septem. | Oflob, | Novem. | Decemb. 
S| Suns Suns ,| Suns Suns Suns | Suns 
2 | 71gbe right | right | right | right | right 
* | aſcen, | aſcen c. alcen, aſcen. | aſcen. 
i Mijn MijH MjH Mo. HH MN __ 
"217 a319 . kx (1 94 13; OS; rg ©z | 17 If 
217 - 19 Bs | 1s 23| 13- i2| 5 ir | 17 20 
$1 20S $3128 26] ng 35139 wy FP WM 
4] 7 35 19 37 1 8S 30133 91 IF Ip } 2&7 Of 
$72 39]9 4qoir 33 [13 22| 15 23|17 34 
617 anip 44|:n 3p 123 26 | x5 27.47 38 
TFF a9 451254 g2r7 23 30 | if 20 F iy 8 
8|- 5r]9 Frjix 4413 34|i5 36 | 17 47 
917 MED Fojnrt a6 163.39] 25 401 3p Wu 
io|7 $59ji9 8 | bn e123 on oy 45 10 
i1]8 oz|10 o2! 11 FF |13 45 | I5 49 | 18 oo 
12|8 07110 06; 11 5913 49 | I5 F3 18 of 
13|8 1x | 10 10! r2 o2| 13 53 | 15 58] 18 og 
14|Y 15110 14! 12 06|13 57116 03| 18 24 
1056 Wins r7 | 12 cg |14 oo | 16 oz | 18 19 
8 23]|10 21| 12 13 | 14 O4|16 11| 18 24 
s 27[10 ag] rs 37 [14 o8 | 6 ro | 28” af 
8- 31|10 28] 12. 20 | 14 12|16 19| 18 33 
$8 35 | 10 32\ 12 24 | 34 16 | 16+ 23 | 18] 37 
s 238{ 0 235 [| 12 27 | 14 20 | 16 28] 28 gn 
8 4;3|10 39|12 31 |14 24116 32| 18 45 
$ 
8 
18 
8 
4 
9 
9 
9 
9 
9 


—_ 
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A Table of the right Aſcenſions and Decli- 
nations of ſome of the p:incipal Fir:d 
Stars, fo2 ſome Years to come, 


Right | Decli- Zi = 

RET Ns Too hs I 

— | z =s 

; : tt M. _ M.l ol © 
Pole Star, « a 
Andromedas Girdl:. 6 on % 34N a 
Whales Belly. ”— $2133 59N[- 
Rams Head. b4 _ bi _ > 
Mednſa's Head. "is.os wn. _ 
Whales month. = 4p .—_ a 
Perſens right Side. = WB? 35Nj3 
Bulls Eye. 2 59145 33N| 2 
Goat. 04 1615 46N] ! 
Orions left Foot. 2+ 52145 37,N| * 
Orions left Shoulder, 04 $318 3 Ss | 
Firſt in Orione Girdle. of 61 os gong 
Second in Orions Girdle, * Fo m1 
Third in Orions Girdle. of 91 8 UW ;S | 3 
Orzons right Shoulder, vx $3 2 ane 
The Waggoner, oz Fg] 7 a 
Bright Foot of the Twins, v5 39144 56N[ 2 
Great Dog, 06 1816 39N] 3 
(aſter. 06 305116 13g | 1 
The lutle Dog. OF- ITS9392 39N 2 
Pollex, 7 | 22 | 6s 6Nx[2 
Hidra's Heart. 07 241128 28F] 2 
Lions Heart. O9 1007 Loy I 
Lions Neck; v9 gOjrg 39N L 
Great Bears Rump- 09 502i 4ify 3 
Lions Back, 19 .490158 43hy] 2 

Lions Tail, Ii 30[22 VN 2 | 

ole -1 


| 


20 


A Lavle of the right Alcenſions and Decli- 


nations of ſome of the p2incipal Fired 
Stars, fo2 ſonie Pears to come, 


The Virgins Girdle, 

Firſt in the great Bears Tail next the Ramp, 
Vindemiatrix. 

Virgins Spike. 

HMiddlemoſt in the great Bears Tail, 
Laſt in the end of the great Bears Tail, 
Artturm, 

Sonth Ballaxce. 

Brighteſt in the Crows. 

North Ballance. 

Serpentarins's left Hazyd, 

Scorpions Heart, 

Serpentarim's left Knee. 
Serpentarins's right Knees 

Hercules Head. 

Serpentarins Head. 

Dragons Head, 

Brighteſt in the Harp, 

The Vu»ltures Heart. 

Upper burn of Capricorn. 

Swans T all. 

Left ſhoulder of Aquariw, 

Pegaſus Mouth. 


' Right ſhoulder of Aquarims. 
 Fomabant, 
Pegaſus upper Wing, or Marchav. 


Pegaſus lower Wing. 


Right | Decli- | 2 
Aſcen. | natlon, | © 
H. M.;}D. M7 
i2 38's 2c|N 
12 38j57 51]N 
12 44|i5 $1]N 
L3 7 19 I9]1S 
13 T0\56 45|N 
I3 34|5% OgFIN 
14 CO[2T O3IN 
14 32114 33]$ 
is 24127 43|N 
is $58|08 03'S 
Is 56102 46jS 
16 o8[25 35}$ 
16 18jog 46 $ 
16 49 [15 x2, $ 
16 F914 SUN 
I7 19 |12 2\N 
iz 48|51 36/N 
18 25138 30 N 
Is 34108 ocN 
ig yoit3 32'S 
20 30(44 O5,N 
2x 13 [07 OBS 
21 27 [08 19/N 
21 48$|ix F5$}$ 
22 3931 17jg 
22 48j13 21]N 
23 $3133 25|N 
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The Uſe of the fozegoing Tables, 2:1 


To know the hour when any Star cometl) 
upon the Meridian. 
The Rule. 


Irſt ſeck the Right Aſcen/imm of that Star required in the fore-going 
Tables ( of che Right Aſcenſion of the Stars) and alſo the Right Aſ- 
cenſion of che Sun : irom the Right Aſcenſion ot the Sun, ſubtract the 
Right Aſcenſimn of che Star ; Bur when the Right Aſcenſion of the Sar 
15 92 than the Right Aſcenſion of the Sun, then add 24 hours thereto, 
and the "anche will ſhew you the hour Afternoon when the Star 
commeth upon che Meridian, and if it do exceed 12 hours, then ſubltract 
12 hours therefrom, and the remainder (hall they the hour and minute of 
the Stars coming upon the Meridian after Midnight, 


Erample 1, 


Upon the 19** of April, I would know when the Ly»ns Heart cometh 
upon the Meridian, Therefore if you look in the Tables of Rigbt- 
Aſcenſion tor that Star, you will find it to be 9 hours 507, Then look 
11 the Tables of Right Aſcenſion of the Sun, and right againſt the 10*" of 
April you will find the Right Aſcenſion of the Sun to be x hour 54 min. 
which ſubſtracted from the Right Aſcenſion of the Star, there remaines 
7 hours 56 minutes, which 15 the crue time thar the Star cometh co the 
Mcridian Afternoon, 

Eraimple 2, 

Upon the fif:h of November, I defire to know when the Bulls Eye com- 
eh upon the Meridian : The Right Aſcenſion thereof by the Tables, you 
will ind to be 4 hours 16 minutes : the Right Aſcenſion of the Sun thar 
day is x5 hours 23 minutes. Therefore becauſe che Right Aſcenſion of | 
the Star 1s leſs than the Right Aſcex/ion of the Sun, I add 24 hours to 
the Right Aſcenſion of the Star, which maketh 28 hours 16 minutes 2 
From which ſuoſtract the Righe Aſcenſion ot the Sun, and the remainder 
Is 12 hours 53 minutes : From which I Subſtract che'12 hours, and 
the remainer 1s 53 minutes after Midmight, then the ſaid Star cometh up- 
on the Meridian. 

And here note, That the Table of Right-e Aſcenſion of the Sun, is cal- 
culated for Noon every day ; and that it doth in@eaſe by abour 
four minutes each day ; fo that it may bz proportionel, for every fix 
hours to allow one minuce for the time atcernoon, A Table: 


22 A Table of Latitudes and Longitudes, 

A Tale of the Latitudes and Longitudes of the principal Ports, 
Harbours, Capes and Iſlands tn moſt of the known parts of the 
World: Beginning from the Meridian of Pico Teneriffa, (Col- 
lected from the beſt Charts, Deſcriptions, and Obſervations 0! 
ſereral able and experienced Navigators of our own and othe, 
Nations. 
= 8 | Lateds | Long. 
E 122 TO EY \ WOO 
& Acluits Head lard, py: go» = | 26 55 
= Fair Fore-dand, 79 If N | 24 F© 
= © Black Point. 2  2n- i] 25 10 
G Point Loook-out, 76 25 N\izz2 oo 
- Cape Blance. 78 25 Ni38 oo 
O Point Negro. 7”. TOM TR Bo 
= | Hopeleſs Iſles. | 77 00 N|42 3c 
3 v [ Iſlard. | 276 13 N|4r 5o 
'K 2 |Cheryy [ſlard, mi 3s = 34 10 
Fes W < South Point of Trumty Iſland. 2: 00 N[oz F5 
I'S | Youngs Fore- land in Trinity Iſland, | zz 23 N|1xo0 206 
—___ 
% fOrange Iſlind. 78 25 N | gr 35 
S | Ice Point, 77 45 N[|go Fo 
1 Admiralties Iſland, ”% $0 NR Ts 
'S 'x i Langeneſs. 74 55 N|68 yo 
ES < Croſs Point. 72 25 N|68 of 
'S © | Frerum Berrough. 70 40 N[z5 oo 
oy N The River Obij in the Tartarian 6 i2 N 
_w Sea. - | 3 49 
= (UManmmas Iſle, 71 24 Nlz2 1 
Ss SL Archargel. | 63 22 KM 55 28 
— = Twelgrnoſe. 69 IO N G1 z38 
OF )Cape Candenoſe. | 69 35 N[|58 o2 
8-2 C Orlrgenoſe, 66 55 Nig4 56 


"= Lavle of Longitude and Latitude. 23 


Latit. 


M. 


Sea Coaſt of Lapland and 
Norway), 


The Sea Coaſt in the Sound, 


from the Scaw to Callice. 


The Sea Coaſt of Flanders 


ſ Fox Neſe. 
Cape Grace. 
Cape Gallant. 

Cape Race. 


North Cape. 
Roſs Iſles, 
Cati-neſs. 


Bomel. 


[Naze of Norway. 


[The Nyding. 
Cape Cole. 
Scarlet Iſlad, 
i Falſterborne, 
| Abo, 
Wyborrongh. 
Dagaret. 
Dor mamel. 
Gotland, 

| Horroſound, 

| Go: bſound. 


A. 


Eartb Holme, 


| Burnt- Ho/me. 
LE!ſenore. 

The Schaw. 
Bovenber gb, 
< Holy-lard. 
The Texel. 
The Bryl. 
Callice, 


5 


TT — — 


; Iſland Kilduym. 
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[24 S Table of Longitads and Latitude, 


Sea Coaſt of Iſland. 


Iſlands near the Coaſt 
of Scotland. 


| Sea Coaſt of Scotland, England, and Ireland. 


Langeneſs. 

i Grinſe. 
Maze. 
Anditer. 

| Sxowbill. 

Alcra Point. 

Weſlmona Iſles 


LU bale Back. 


(St, Kilda, 
i Skie Iſland, 


1 Lewis Iſland. 


Faire Iſlands, 
Shotland, 
Fair Iſle. 
Iſles of Orkzey. 


[Cateneſs. 
Buchareſs. 
St. Abbs Head. 


Tinmouth. 


| T he Sporne. 
Wintertonneſs, 
Orfordneſ.. 


Doxgeneſs. 

Iſle of Wight. 
Portland. 

The Start. 

T he Lizard. 

1 lands of Silly, 

; Lids Iſle. 

St. Davids Head. 


— OM?—_—  —— Ce e—— 


Merchants Fercelayd, 


F lamborrough Hiad. 


The North Foreland. 
< T be S4uth Forelard, 


Latitude, 
D. M. 
67 20 N 
6; oo N 
68 25 N 
66 30 N 
65 40 N 
64 o8 N 
63 35 N 
63 36 N 
65 18 N 
| F& O2 N 
| 57 40 N 
'5$8 3o N 
[Gx 43 N | 
| GO 22 - 
59 39 N, 
; 50 N 
[58 37 N 
58 oo N 
56 25 N 
| FF OG N 
54 OV N 
53 45 N 
52 52 N 
| F3- 20 - 
ton | 2k 
| a = N 
5: og N 
$0. 24 BN 
So 20 N 
co 2» N 
5o oo N 
FO O7 N 
5x 22 N 
5: 54 N 


Long. 
D. M. 
03 45 
352 Of 
351 10 
345 ©0 
344 40 
344 20 
349 ©O 
355 40 
003 OO 
| OF 56 
| 10 O8 
| O8 o0 
| O92 O©O 
I 4 ZO 

I4 20 
i IJ 25 

13 24 

14 .32 
14 12 
IF O0 
16 26 
[0 TY 
18 ©o 
18 o2 
I7 40 
I7 42 
7 Is 
14 47 
13 46 
"3 Pp 
LZ 37 
09 47 
LI F7 
I'1 I $ 


ad IT 


Sea Coaſt of Scotland, England, and Ireland. | 


Sea Coaſt of Fraxce, om and Portugal. 


— — —— —_ —_—_— _— 
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| | Latitude, | Longit. 
ens nk 6 jo 
Bradſey Iſle, om MA 5m 
Hely Head. 54 44 N{n 44 
Iſle of Max, $46 89 N' 1z 4g 
C ofwel- Pore. C4 36 oe | 22 af 
' Fair Fore-lard. by 29 N | IO 16 
< Aron Iſle. $3 8» 3 8-0 
| Black Rs: k. $3 2 MN | 6 ©0 
Sline Had. F3 16 N | 6s ©O 
Blaſque-, $2 ns 0 og 
Cape Clear, 2 no Nj 6 2d 
Old- Head, TE 2.0. 
| Hearn-Point. | 53 os Nj1o og 
| | 
(Sain Head. 50 o4 N|16 ._50 
Cape Hage, 50. og N| 5 of 
Carkets. | 50 oz N|14 30 
Gernſey, [49 43 N|[14 20 
Jerſey, | 49 30 N|[14 46 
HU hant, 48 4o N|[|11 16 
Oleroon, 45 58 N|11 co 
Sd Cape de Machicaca, . 44 22 N|[ 14 20 
Tc ape Pines, 44 c4 N|[|1: 1o 
Cape Ortegal. 44 c8 N] 9 16 
Cape Finiſterre. I 
The Rock, of Lisbon, 38 52 N| 6 43; 
| Cape Saint Vineent- | 37 o8 Nj + ab 
Cape Saint Maria, | 35 of N{| 9g 42 
The Straits of Gibralter. | 36 co N[| n 40 
l 
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The Sea Coaſts on the Marin Continent in the Straits, 


( ape de Gata. 
Cape Saint Martin. 
Cape Daga Frito- 
Cape Larei. 

| Cape Mele. 
Terracina, 

Cape Sparteventurs, 
Cape Cellom. 

Cape Saint Maria, 
Angello. 

Ancana. 

| Cape Ceſta. 
Raguſa. 

Cap: Linga, 

Cape Matepan, 
o_ Saint Angelo, 
Cape Doro. 

Cape Barbarnon, 

4s ape Saradont. 
Cape Pollogollo. 
Cape de Becur, 
1Cape Roatins, 
[Cape Renato, 
Cape Bona, 

Collo, 

T unts. 

Cape Falcon. 

Cape Tres ſorcas, 
anger, 


7 CER 


ands within 
the Straits 


0 


ſ Alboran. 


@ | F ormentard, 

Ivica. 

+ Majorca. 
Minorca, 


Latitude, | Longit, 


Am_—_ 
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A Lable of Latitude and Longitude, 27 
Latitude. | Longit. 
51 WH” FS 
{ Galatta. 37 57 N[2z 5o 
Cape Pulo in Sardinia. 38 5s N[27z 36 
Cape Corſo in Corſica, 42 532 Naz 32 
| Lilbo, 42 5: N{2g9 ©o 
| Pal marollz. 49 5o N[31 12 
Uſiica. 38 46 N32 48 
Maritimes 3 Of N | 30 54 
= | Pantalaria, 36 F3 N SS 
8 Limpadeoſa. 5s 58 N]3r 521] 
A | Limoſa. 36 25 N{| 32 of 
LL | Malts, 36 co Nj 33 22 
46 C ape Paſſaro in Sicilia, SF 9 N 54 2 
E oC Meſſina, 35: op N39 28 
F5 | Liſſa. 43 oo N| 35 22 
6 Tromty, 4*. 42 N | 35 1 4 
® Pallageſa. 42 17 N] 35 FO 
= Auguſta, 42 -36 N| 36 12 
_ Mallida. 4 37 N37 as 
Corfu. 39 25 Nj 39 uf 
Cephalonia. 38 28 N|[4o 2» 
Z ant. SF --29 N 40 40 
Weſt end of Candids 3 F I F N 43 OD 
Eaſt end of Candi. 35 o4 N[ 46 28 
Rhodes. 35 49 N[4$ co 
wiſt end of Cyprus. 26 29 N os 
( Exft end of Cyprw. 34 48 N]g4 35 
> ( Cape Sportel. 35 35 N| un 35 
2 Cape Cantin. , 32 27 N II 
&Q © | Cape Bojador. "26 v5 Oe 2 24 
© S Cape Blanco. | 20 324 N ' 358 CO 
ZE | Cape Verde. 14 36 N| 358 5: 
© ** | Sirre Leone. o8- 0& N| cz 32 
+ | The South fide of Saint Anne, 06 40 N' ci 1 


dd 2 
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% 


[ Latitude, 


The Eaſt end of St. Maries, 


n__ : D. 

.D | Cape de Palmas, C4 
Fl Cape Tres Punilas, 04 
24, | Cape Formoſa. 04 
Y | I be North Point of Fernando. c3 
8 < Iſl.nd Principas. | OL 
a \Iſlard Choco, | CO 
= - St. T hom. | ©O 
= dpe Lupns, | Ol 
G Cape N pro. ! 16 
% Cape Savor, ' 29 
*% Clipe Bona Eſperan%.2. | 34 
The Weſt ſide of Corva. | 49 

E The Weſt fide of Flires, | 39 
5 The Road before Fyal, 38 
= The Weſt end of Pico. 38 

< : 

S T he Weſt end of St, George, 39 
= The #eſt end of Tercera- 30 
> The Eaſt end of St, Michaels, 38 


Longtr. 


——  — 


D. 


— 


19 
16 
24 
27 
28 
03 
27 
27 
39 
36 
3$ 


345 
345 
347 
348 
3 43 
349 
351 
351 


The Canary Iſlands. 


(The North part of Ferro, 
The Eaſt fide of Palme. 


Gomera, 

Pico Tenerifa, 

< The Eaſt end of Madera. 
The Eaſt end of Port Santlo. 


LT he Eaſt part of Lancerotta. 


The North. eaſt Point of Canaria, 
The N. E, Pont of Forteventura- 


358 
358 
359 
[#18] 
OO 
OL 
Ol 
O2 


EY 
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SD. pe 1 Latinde. Longit, 
X [oo ik [WM 
n Op The Welt fide of of * Aatoutec iz co N| 359 oo 
R E The E aſt Point of Sr. Vincent, iz 40 N| 359 05 
= The Eaſt ſide of St. Litcias 16 FO N 353 &M 
1 11fe Brava. 14 40 N 3FL on 
, S * Iſle Fogs. 14 oo N| 358: 3c 
— ' The Eaſt ſide of St. Taps, 5s co Nj 392 30 
VP [Eaſt fide of de Mops Iſle. | Is oo N] 353 og 
: & | Eaſt fide of the Iſle of Sal [16 oo N| 353 04 
; © LEajt fide of Bona Vijka. | 16 ©0O N|[ 353 04 
(St. Matthews, jor 40 S | It 32 
| Iſl ind Anabena, on a& I 26 20 
Aſcenſion, OS 00 9g O04 30 
< St, Helena. 16 00 9 I3 FO 
St. Helena Nova, x6 03 $ | 24 46 
Iſland Degiatalica. 2” on 9 WE - 
Iſland Deſiſtian. 2 WW -9 | 2 4a 
1 Cape Anquilbar, 35 09. 5 | 39 30 
| T Cape Corintes. 23 30 S | 56 oo 
F-: Cape de Guada, as a9 3 | 59 F6 
, Cape de Guardaſin, 12 40 N 24 8 
= 5 |Capede Raſalgate. 22 07 N| 84 20 
& S | Surrat. 21 O04 N| 96 20 
Th I Goa, Is 40 N] 97, oo 
= Cape Comerm. Oy _ ys N | 99 12 
| 6 .= |TheS.W. Point of Cylon, 06 0©0- N| 101 56 
| = = | Rover Bengale. 22 Cy N; 110 25 
| S River de Care. 10 45 N| 119 10 
| © Fobr, on 25 N| 125 06 
| RN  |Siam. 114 52 N| 122 45 


Crmbodia 


_ 
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Cambodia, 


| 


| 


os Wt _* 
— 0 Viſchers Point, 
- = - T be Point of Cavallos, 
30S | Cape Somber, 
5 4 | Ninghai, 
 '*& |. 
2 == (Corea 
(Romeyros. 


John de Lisbone, 
Diego Roize, 
St. Branda. 
Dolgatias, 
Moreſlas, 
Domaſcaicaes. 
$8, Apolonia. 


| South end of St. Lawrence, 


k [ne end of St. Lawrence, 
Iz Baſlos de India, 

— | Jobn de Nova, 

= < Mayotta. 

_ Comnre, 

F De Natall. 

b- Coſmolede. 

2 John de Nova. 

ni De Almiranta. 

= Domeſcaicuhas, 


Sr. Hermaxas. 
Diego Gratioſa, 
De Gamo, 

Ada. 

| Apoluria. 

| [land Pracel. 


Latitude. Longu, 
v.. MM TW 
32 4&2 Nj 126 0c 
20 18 N | t38 '©c 
25 16 N| 240 g8 
28 oz N|ugz Fo 
36 49 N'i 142 26 
365 og N|446 cc 
= ww $ ] 2 
Ss 246 © | © 0 
as of $7 =. of 
EL. 7 => 
20 3 82 1f 
20 10 Y$ 78 36 
20 Fo $ 74 00 
20 FO S 74 OC 
a 237 3 68 oc 
= Of » ” © 
32 230 | 60 4c 
Wo a0 Þ 63 15 
I2 40 $ 66 Jo 
= 2023 =—_— 0 
os 20 $ j 88 ors 
on <q. 3 72 Od 
a 00 ST no 
- Er 26 Oo 
of - ar: $1 WW As 
oz o2 $ | 84 ao 
os oF $ | BS 2c 
02 49 $ j, 99 of 
oF 39.5 |. 99 oof- 
OF 20.5 I00 4 
IO 23 N 14 


CF- I 


Gy 3 0 %A TC) 


Ly WS LF 
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Iſlands in the Eaſt India. 


Pe eos 


 Caubile. 
Moliqne, 
Andaro. 


The North Weſt point of Sumatra, 
South Eaſt end of Sumatra. 


Bantam. 


——— _— _—____ 


Batavia, 
Combava. 
Flores. 

T im0r 
Ceram, 
Amboina, 


——_— 


South end of Celibes, 
North Point of Celeber. 
The middle of Gilols, 
Bachian, 
Machian. 
Mottr, 
Pottobackers, 
T idore, 
Miferra, 
Ternate. 
Saint Tohaxngs. 
South Point of Burneo, 
North Point of Bunneo, 
Weſt end of Mindane, 
Anamba. 
Natura, 
* Saint Tuan. 
Taxdaia, 
Maſtat. 
Sebu. 
Pay. 
Mindra. 


| Paragoa. 
(S —__ end of Lutcon. 


| 


Latitude. 
© "Wt" 
Ss 2 = 
9 og N 
is 26 i 
g- a 
"Te 
- b S 
"3 at. 
g 36 $ 
8 50 d 
9 52 $ 
2 26 HZ 
I 
F S 
2 on N 
00 oo A 
CO OJ N 
© N 
OO I 4 
00 25 N 
00 1k MN 
OO 4-1 N 
00. 43 N 
co . 47 N 
4 ww KK 
4 16 S 
; 49> N 
6 5o N 
8. 36 
3. 30 N 
Ss 6 N 
12 00 N 
1: -50 N 
o 55 N 
in Vvy N 
12 5o N 
9 40 N 
=. a6 = 


Lorgit, 
3 hs © 
PF: 
94 25 
FF 26 
II6 ©o 
I25 4c 
I 26 3c 
I27 CF 
138 Oc 
140 4+ 
145 $3 
14S 2c 
147 25 
129 ZO 
144 G6 
«67 20 
146 1c 
146 6 
146 $ 
146 10 
146 16 
146 14 
146 12 
138 50 
135 4 
134 35 
I4t 25 
126 42 
I27 45} 
146 20| 
145 Off 
143 35} 
I43-. Ic 
142 ©C 
140 28 
136 30 


— — — __ —  — ——— — ————— —— 
_ 


{lands in the Eaſt India. 


The Coaſt of America in the Soath. Seca, 


PCW 


er x EEG 
— 


{ The Straits of Arian, 


NJ. 


North end of Lucon, 
The middle of Aynam, 
South end of Formoſa. 
North end of Formoſa, 
Firando Iſle. 

Weſt end of Fapan, 
North end of Cikoks, 
T onſa. 

North Point of Japan, 
Cape Eroen in Feſo, 

\ Cape Patience in Joſo. 


Cape Blanco. 

Sir Francis Drakes Bay, 
Iſland Peraros. 
Cap? St. Lucas, 
Cape Corimes, 
eAquatulco, 

Gulf of Salina, 
Cape St. Maria, 
Cape Corimtas. 

( ape de Franciſco, 
Cape de Paſſao, 
Payta, 

Truxilla, 

Vila la Naſca, 
Arica. 

Iſland Ferando, 
Baldivia, 

Pe, Cyprian, 


— 


— 


= 


Cape Horn, 


Weſt Entrance of Magelian, 
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Latitude, | Longit. 
— EE. 
i8 42 N| 141 56 
Is oa MIS 0 
is 20 I 9 
28 10 N| 143 16 
33 oo N{|147z 1g 
34 ©O N | 150 5 
36 FfF W120 ic 
33 25 N| 153 cc 
20 yy MLS A 
42 590 N| 183 20 
[49 00 N | 286 cc 
CF - N [251 56 
42 OO N | 245 fs 
38 16 N 246 Z< 
z0 $3 MN £0 
23 10 N[ 266 2c 
20 28 N|270 56 
16 45 N|283 5o 
10 oo N{ 288 20 
7 8g 293 G 
5. 26 N 295 2C 
x 25 N| 293 20 
OO CO x | 291 35 
$- 30 "$ 18 oc 
Ss $5 $195 ot 
tg 20 Ls Fc 
28 35 Þ kyen oc 
33 46/7 ' > 193 2c 
40 O©O & 1 297 35 
43 16-8 | 296 34 
53 ©0 S$ | 296 42 
gY $6 *] C< 


Cc) A _ © wA CO 


-\ 


S, 


C3} Tf } 


_- = 8” ob Wm 


EY TY SS T3 T3 


hy AoOeww 
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Iflands 1n the great South-Sea. 


{ Honder |ſland, 

Water Iſlands. 

Iſland T iburones. 

St. Pedro, 

Prince Williams Iſlards. 


Iſlands of Good Hope, 


States Land. 


< Green Iſlands. 


Salteadores Iſle. 
Miracoms. 

Iſlands de Ladrones. 
Nadadores. 
Barbadoes Iſles, 

St, Peters Iſle. 


| Hermanes Iſle, 


aſt of the Main- Continent of America. 


my 
» 


Sca-C 


" Lemairs Straight, 


Cape Penras, 


Ealt Exntraxce ef Mage'an, 


Cape Blanco, 

Cape St, Axtonio, 
Cape St. Maria. 
(ape Fro. 

Baja de todas Santos. 
Cape St. Augnſtine, 
Black Port, 
River ( aſſepore. 


Suranam, 


| Cape three Points, 


Cape de Coquibocas, 
Carthagene. 

Cape de Gratias. 
Cape de Catoche. 


Cape Rexo. 


. Cape Blanco. 


— — — ——_—— - — —_— 


| Latitude. Lone: 
KEE 
ncodd4 bold. 

I4 FO g 229 C 
83S co © [au 
{22 © $5 | 229 10 
| 18 I 4 S 2068 Ft 
Be I2 $ I95 4c 
38 oo $S 93 co 
| 4s cO $S | 172 co 
; 6 49 N| 172 5 
| 6 24 N | SY 
19 co Nt17o cc| 

4+ 22 N | 186 55 

*- 06 - | I95 5 
11 n4 Nj20gs CC 
ty 6 Ni 4 
FF 00 5 4, 310 16 
3 & 5 0 Mn 
52 20 5$ | 305 CC 
147 39 > |309 45 
' 36 38 S 325 ofe 
135 ©O 5 | 325 © 4© 
122 52 $ |335 38 
[x3 00 $ | 341 FC 
| $ 40 $ |345 4 

3 WW 3 13008 
| 4 CO N 325 F 

$ * M20 
11 18 N] 314 2c 
{12 42 N; 305 24 

iO 25 N | 295 25 
1 2 N ! >; 

ES 29] 53fF 
21 23 0/233 c 
1-4 49 N | 275 26 
126 vs NN 274 56 


An 
T8 


i 


| 
| 
| 
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Latitude, 'D Loxgit, 


M. 


285 
ard 
, 298 
' 390 
| wy 


Bl 


a LELELLL) 


Cape Eſcondido. 
La Florida. 
Cape Farr, 
Cape Henry. 
_ Charles, 
Cape May, 
' The Eaſt end of Loxg Iſlind, 
i Cape Gl -d4. 
| Cape Ann, 
Cape Furcu. 
E alt end of the Iſle of Sables. 
Cap: Britain. 
Cape Raze, 
Conception Bay, 
Bay of Bulls, 
Cape Bona Viſta. 
Pingwins Iſle. 
Cape Gate. 
Bell Iſle, 


Sea-Coaſts of the Main-Continent of America. 


_—_— 


Bermudas, 
Bebama. 
North-eaſt Pigt of Lucaioneque, 
$1 gnatea, 
Guatro. 
Guamind. 
© Tiango. 
Maiaganas 
Carcos, 

| Thagtas 
Tamata, 
Samana. 
Tamia, 


Ifands in the Weſt-India- 
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Iflands in the Weſt-India. 


a 


Anguilla. 

Sr, Chriſtophers. 
Senih end of Barbada, 
Antego, 
Gadalupa, 
Maripallatta. 
Dominica, 
HMartineco. 
Sr, Lucia, 
Barbados. 
{ St. Vincent. 
Granada. 
Tabago. 
Pornt de G all aids 
| Mevis. 
Monſerat. 
Margaretta. 
T ortogas. 
Duikillas 
Bonayre. 


Quiſſa. 


Eaſt end of Cuba, 
Weſt td of Cuba. 
Camnamis. 

Great Ca man, 
Saxta Villa. 
Moſquito. 
Guanabo, 


Gnanabimo, 


Comumal. 


LLaſalltiranes. 


Eaſt end of Hiſpaniola, 
weſt end of Hiſpanivla. 
Port Rojal in famaica. 


Latitude. 
» WW © 
18 48 
17 30 
Iz 36 
16 32 
16 Co 
Is 4t 
IF O39 
14 39 
13 13 
89-223 
I2 FO 
$2 120 
in 
10 45 
17 ©O 
26 320 
in 28 
Ix 30 
12 29 
a 22 
$2 '2£ 
18 47 
18 25 
18 15 
20 327 
22 ©0 
19 41 
19 21 
i7 28 

14+ FO 
86 33 
16 10 
19 25 
22 ©O 


LL LL AL LEE LAG LALALELZ ALE LEALEL EE LA ALL 


| Lorgit, 
2 MM 
313 35 
313 - 
316 ©oO 
315 10 
314 4c 
EY hy 
314 go, 
316 36 
315 2C 
3I9 C 
313 4&5 
314 4© 
317 ©O 
316 Fs 
314 ©C 
314 20 
313 29 
313 30 
310 30© 
308 35 
397 3O 
308 10 
ZOO 10 
207 1IC 
z0n 2C 
a88 26 
294 45 
293 30 
294 0OC 
294 12 
287 14 
286 20 
28> - 10 
284 40 


"a T | D. M, D, M. 
{Cape Cams, 53 49 N|226 52 
Reſolution Iſles, 6x oO N | 309 oo 

T be Kings Fireland, 6x 52 N[ 295 30 

% Outen Anrs Foreland. 63 F2 N 293 40 
'8 C 1pe Charles. 62 55 N|]291 42 
- North exd of Manifirlds Iſle. 62 49 N|[284 39 
as Prince Ruperts River, 5x 00" N[2389 12 
- | Cape Mynmon'h, 54 40 N[283 oo 
= } Cape Henerata, | 56 16. N[279 1c 
G © Port Neiſon. 58 32 N|] 267 FO 
- Cape Seuth-hamptcn. 62 39 N, 279 25 
= Seahorſe Point, 64 46 N| 282 20 
'Z | Sir Dudly Digs Cape. 75 10 N| 298 oo 
© Sender ſons T ower. -68 oo N|3 14 08 
- ICape VValſingham, 65 42 N|31z 20 
Cape Comfor:. 62 21: N|32z 20 

Cape Deſolation, 6: 20 N| 325 of 
Cape Farezell, j9 45 N| 329 02 


The Uſe of the Table of the Latitudes and 
Longitudes of Places, 


In this Table there are two Columns, the one ſhewing the Latitude, 
the other the Longitude of Places: The Latitudes arc diſtinguiſhed by 
the Letters N, and-S. which ſheweth the Latitude of che place to be 
either Northerly or Southerl; ; the Longundes are all accounted eaſterly, 
from the Meridian of PICO on the Iſland of Teneriff, an Example or 
wo will make it plain, 

Example 1. 
What is the Latitude and Longi:ude of the Lizard upon the Coaſt of 
Eugland ? 
Againſt the Lizard you will find 50% 00! North Latitade, and 12* 
37! of Longitude. Example 


—Uſe of the Lavle of Lat. t Long. y 


Example 2. 

4 bat ts the Latitude and Longitu le of Bermiudas, oxe of the Weſt-India 
Iſlands, 

Againſt Bermud4s you will fiad Lat. 39% 2C/ Na:th, Ling. 3149 oc/. 

2. To find the Difference of Longitude between axy two places, 

Take the Longitwdes of the two Places out of the Tables, and ſub- 
tract che lefler Longitades out of the greater ; an] if the Remainder be 
eſs than 180*, that 1s the D:fference of Longitude, but if the Remain- 
ler be more then 180*, ſubſtract it trom 360"; the laſt Remainder is 
the Difference of Longitude, 

Example 1. 

What i the Difference of Longi:ude between B:rmudas and Cape Raze 

i» New-found. Land ? 


The Lo»gitude of Cape Raze is —— — 328” 3c/ 
The Remainder 15 the Difference of Loy gitude 14% 3c/ 


Example 2. 
What u the Difference of Longitude betweenthe Lizard & Cape Raze ? 
The Longitude of Cape Raxze 1s ——— J28 3c/ 


of the Lizard —— in* 35 
The Remainder 18 preater than 180” h 315” 53/ 
Therefore ſubſtraCt it from — 3699 05/ 


— 


The./aft Remainder 15 the Difference of Longitude — 44' 07/7 


3. To kyow whether the Loxgitade between any two places be Eaſterly 
or Weſterly. 

1. When the Remainder firſt found is /eſs than 180", then if you are 
bound to that place which hath the /eſs Longitude, your Difference of 
Longitude is Weſterly, and therefore you muſt fay! to the Weſtward ; bu: 
if you are bound to that which hath the greater, your Difference of 
Longitude is Eafterly, and you maſt ſay] thither Eaſtward, 

2, When the firſt Remwarnder is greacer than 180”, then if you ſay] 
to that place, having the greater Longitude, your Difference ot Longi- 
twde is Weſterly 3 1f to that which hath the leſs, Eaſterly. 
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The Uſe of the Table of Meridional 
Parts, 


46 


In this Table, the left hand Column upon every Page 
under M, begining at 1 and cnding at 59, contains the 
minutes anſwering to every degree of Latitude : The other 
Columns, diſtinguiſhed by x 4, 2 4, &c. to $9 4, contains 
the Meridtonal Parts anſwering to every degree of Latitude, 
The %ſe of theſe Columns together, is to find the Meridic- 
nal Parts for every degree and minute of Latitude ; an Exam- 
ple or two will ſufficiently explain it, 


Example 1. 


The Latitude of 51 deg, 12 min, to find the Meridtonal 

Parts, | | 

In the Column under 51 4. and right againſt 12 M. in 

the left hand Column, ſtands 88, and joyning 35, the two 

figures in the ſame Column,that ſtand next above 88 towards 

the left hand, the whole is 3588, the Meridional Parts rc- 
quired. 

Example 2. 


The Latitude of 87 deg, 52 min, to find the Meridional 
Parts, 

In the Columm under 57 d. and right againſt 52 M- in the 
left hand Column, ſtands 667, to which joyning 13 towards 
the left hand, the whole is 13667. the Mertidtonal Parts rc- 
quired, ! 

The Uſe of theſe Merrdional Parts arc ſhown in thc 
Problem of Mercators Sayling, Chap, 5. 
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Kalendar. 


In cach Page there are cleven Columns ; the firſt ſheweth 
the day the Month ; , the ſecond, the daycs of the Week, 
expreſſed by the Week day Letters 3 as in the year 1669, 
in the Month of Afzy, you will find B for Saturday, 
and Ci tor Sunday, which 1s the Dominical Letter for that 
or" s you ſec in the Page before the Kalendar), The 
third Co umn, ſheweth ſore remarkable Dayes, and thc 
Southing of ſeveral Stars ar Midnight, with their Declina- 
tions from the Equinoetia! 5 as in the aforcſaid Month you 
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will find againſt the third Day, there ſtands Luctda Corone, 


third day, at twelve of the Clock at Midnight, The fourth 


| Column, ſheweth the place of the Sun for "the firſt Year af. 

| ter Leap-Year, (according to Mr. Streets Tables, in the 
Appendix to Aſtro, Car.) as againſt the forementioned Day 

you will find the Sun to be 2 3d, 05m, in Taurus, The fifth 
'-Column, theweth the Declination of the Sun, for the firſt 
. Year after Leap-Year, as againſt the third day atorcſaid 
| you will tind rhe Sun's Declination to be 184. 354%, And 
| according to the ſame Rule and Reaſon, the other ſix Co- 
; lumns are to be uſcd ; as againſt the ſaid third day of May 
| you will find in the fixth Column, in the ſecond Year aitcr 


j 
| 
| Leap-Y car, that the Sun's place is 224. 512. in Taurus : 
| 


— 


And in the ſeventh Column, the Sun's Declination to be 


O 


184. 3242, And inthe cighth Column,and in the third Year 
urer Leap-Year, the Sun's place 224, 37m. in Taurus s and 
in tne nmta Colada, the Declinaron of the Sun is 18 / 


1 


23-2» Andin the tenth Column,in the Leap Year, the Suns 


_ os 


— —._ —————— 


| the Sur's Declination i iS 184, 39, How 


: R % » flo 
which theweth, that the ſaid Star comes to the Meridian the 


W\accis 234, 20m, in Taurus : and inthe cleventh Column, 
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:low to find the Day of the Month, or Week Day, for any 
time paſt or to come, by the precedent Kalendar, 


Furſt, You muſt find the Domimecal Letter by the Table be- 
tore the Kalenday, or elſe by the Rale delivered in Chap, 7. 
jeft, 3. and thereby you may diſcover the® Day of the 
Month ; as tollows. 

Example 1, 
1hat Day of the Month was the firſt Monday in Auguſt 

in the Yeat 16457 
3y the former Rule you will find the Doxrinical Letter was 
E. then turning to the Month of Auguſt, call E $ unaay, 


the 4th day of the Month. 
Example 2, 
Ivhat day of the Week mill the tenth of February be in the 
_ Year 16807 
This Year will be Leap-Year, and in the Table hath two 
Dominical Letters, D and C ; the firſt of them {ſerving from 
the firſt of January till the 25th of F ebruary, and the other 
from thence to the years end : Therefore againi(t the roth 
of February ſtands F ; then calling D Sunday, E is Monday, 
and F is Tzeſday, the Week Day ſought. 
Example 3, 
hat day of the Month ts the ſecond Thurſday in the Month 
of Auguſt, in the Year 1680 * 
The Dominical Letter tor the latter part of the Yearis C, 
therefore C ſtands for Sunday, D for Monday,E tor Tueſday, 
F tor Wedneſday, G tor Thu {ay ; and againſt the ſecond G 
in Auguſt, is the 12th day of the Month, which was re- 


Explanation of the Kalendar, 5; | 


and the F that follows is Monday, and the firſt Monday is 


quired, 
A Table 
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X Table of the Variation of the Sun's Decluation, to be applycd tor Years to come. 
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_A Table of Variation of the Sun' 


Declination in Hours, 


— 
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Hours from the Meridian of London, 
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Examples of the Uſe of the foregoing 'Tables, 
For the Sun's Declination for Tears to com?, &Cc: 


Example x, 


Anno i695, May the tirſt, The declination of the Sun is required. 

Firſt, From the year x695, 1 deduc all the hundreds and ſcorcs, 
that is T68O ; and therefidue x5, I divide by 4 ; che laſt remainer 3, 
ſhews 1t 15 the third after Leap Year, Therefore, 

Secondly, In the Kalendar for four years, I look for the third after 
Leap Year, and do find it anfwerto 167x, In which year, onthe firſt 
day of May, the Declination of the Sun 1s 17* 58 North, 

Thirdly, Then vur of x695, I ſubſtract 1671, and with the ret1duc 
24, I cnter the Table of the Variation of the Sun's Declination for years, 
&c. where under 24 years, in the head of the Tablc, and againſt May 
the firſt, onthe left hand I find the Variation 3/ North. But the afore- 
tound Declination was alſo North, therefore to the {aid Declination 17 
5 8/, Iadd the Variation 3/, and the ſum is 18* x/ North, thetrue De- 
clization of the Sun, Anxo x695, May the firft, in the Meridian of Lon 
don, as was required, 


& xample 2. 


which is 8 by 4, the remainer o, ſhews it 1s Loap Year, under whuch, 
Title I find 1672, in which, onthe firſt day of September, the Declina- 
troy of the Sun is 4* 1x47 North, 

Then from 1728, I ſubſtrat 1672, reſts 56 years ; under which, 
and againſt September, 1+ (in the Table of Var; a:on 11 years) I hind 
the Variation 1c/ South ; which ſubſtracted trom the alore/ound Dec! 
nation 4” £47 North, reſts 4 4/ North, the true Decl:nation of the Su 


North, or both South, their ſum is the true Declination 3 but 1t the onc 


| be North, and the other Souch, it's their GuitcrencC» 


| Fo» 


Anno 1728, September the tirſt, I would know the Suns Declination ; 
| And from 1728, rejecting the hundreds and ſcores, I divide the refiduc 


| 
| 
| 


And here note, that when the Declination and Variation are botn | 


a Ms AS Doo io. 
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For the Declination of the Sun, when he is out of the 
Meridian of London, 


Anno 1672. April the 11th day, at 6 of the Clock aftcr- 
noon, I would know the Sun's Declination 2 

The 11thday at Noon. TI tind it in the Kalendar 124.14”. 
North, and the 12th day 124. 34+, therefore ſubſtracting 
the leſſer Declination 124. 142, out of the greater 124, 
34m. the rclidue 20m. is the daily increaſe, 

Then in the Table of Variation in Hours, &c, under 6 hours 
in thc hcad,and againſt 20,2.0n the left hand, I find 5m. the 
proportional part, which (becauſe the Hour was Afternoon, 
and the Declination increafing) added to the atorcfound 


124. 14m, the ſumis 124, 19m. North, the Dceclination re- 


quired, Example 2. 

For the Declination of the Sun, Anno 1672. Oftober the 
28th day, at 8 in the morning, that is 4 hours reckoned 
backward trom Noon. 

In the Kalendar,the Declination on the 2 8th day of Ottob. 
that year is 164.38.and on the 27th day 164.20m.South 5 
the diftcercnce is 18m. againſt which, and under 4 hours, in 
the Table of Yarzation in Hours, &c, I find the proportional 
part 3m,which (in this Example) ſubſtracted from 164. 38m. 
there remaincth 164, 35m. South, the Declination ſought, 

And thus may the truc Declination of the Sun be catily 
found at all times, and in all Merzdzans, of which, I ſuppoſe, 
here will need no more Examples, 

The Suns Horizontal Parallax is only 15 ſeconds, therc- 
tore the Parallax need not be applycd at all. 

Alſo the Suns retraction is demonſtratively cqual to that 
of the fixt Stars, which lattcr is by the obſervation of Tycho 
Brache in the Horizon 39 minuits,and in the 20 dcg, of Alt, 
Vide Chap, Seft, 1, | i i 
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72 The Uſe of the Table 


—_ _— 


The Uſe of the preceeding Table of Difference of 
_ Latitude and Departure. 


His is a large Table, giving the Diflerence of Latitude and Dec. 

parture to any Diſtance not exceeding 10009 ; and to every 
quarter Point of the Compals, 

The Courſe ſtands at the Head and Foot cf the Table z at the Head 

it begins at * Point, ſo * Point 3 Point, increafing to 4 Points ; at the 

Foot it begins at 4 Points, ſo 4 5 Points 4 | Points 3 increafing backwards 


to 7 i Points, The Diſtance is placed 1n the two outermoſt Columns $ 
of each Page, under the word Diſtant, on the lett hand Page, begin- 1 
ning at I, and increaſing to 5 ; on the right hand Page, beginning at 1 
SI, and increafing to x00. The Difference of Latitude and Depar. | 
ture, ſtand under the Courſe at the Head of the Table, and over the 
Courſe at the Foot thereof, diſtinguithed by the words Lat. and Dep, 
I, Inthis Table, if your Diſtance exceed not 100 miles, or leagues, 
the Difference of Latitude and Departure will be given in mules or 
leagues, and 100 parts of a mile or league : But it may luftize, if che 
D:fterence of Laticude and Departure be taken only to miles or leagues, 
and 19*" parts of a mile or league, with this allowance, thar it the parts n 
be 16 or more, inſtead thercot ſet down two tenths, (which 1s 20 hun. 
| dreth parts); if 26, or more, 3 Tenths; if 36, or more, 4 Tenths rc 
Ty if 46, or more, 5 Tenths; if 56, or more, 6 Teaths ; it 66,or more, I 
J 7 Tbenths; if 76, or more, $ Tenths; it 86, or more, 9 Tenths; if 5 
96, or more, then make the Miles or Leagues of Difference of Latitude el 
or Departure, x more than they are inthe Table : As tor inſtance, in. 
ſtead of 19,16, ſect down 19,2 Tenths; for 27.27, place 27.3; tor th 
49-59, place 49.63 for 52,78, place 52.8; tor 76.96, place 77. 0\ 
tor 78 96, place 79 mules or leagues. D 
2. If the Diſtance be above x00, and nor exceeding 1000, this Ta- th 
ple gives the Difference of Latitude and Departure 1n miles or leagues, ac 
«nd tenth parts, being taken our at twice. E 
3- If the Diſtance be more than 1000, and exceeds not 10000, the - 
t 


D'fference of Latitude and Departure 1s given in miles or leagues, as 
ſhall be explained by what follows. 


This 
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This Table is very uſeful in the reſolving thele 6 Problems in Navi. 
gation following ; provided, in the tive laſt Problems, the Diſtance ct« q 
ther given or required, exceeds not an hundred miles or leagues, 


P2oblem 1, 


The Courſe and Diſtance given ; To find the Difference, Latitude, an 
Departure. 


46 "> as 


— 
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i E xamp'e, 


A Ship ſayls W.S. W, balf Welt, 50 miles; To find the Difference 

of Latuule and Departure, 

On the right Page of the Table, over 6 7, Points, and right againſt 
go miles diſtance, you will find over the word Lat. 14.57, and over 
Dep. 47.85 3 which being contracted, according to the x Rule aforego- 
ing, thews your Diſterence of Latitude to be 14-6 Tenths, and your, ; Ws 
Departure 47.8 Tenths, as was required, ' UV 
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2 Example. 


A Ship ſay!s Eaſt by North, balf Eaſt, x25 miles ; To find the Diffe< 

rence of Latitude and Departure, 

This mult be taken out of che Table at twice, after this following 
manner, 

To perform this, you mult account 1 at the beginning of the Table 
to be 103 and 2to be 203 3,30 ; 4, 40; 5, 50; and ſo 10 to be 
1005 In, Io; 12, 120; and 20tobe200; 30, 309; 40, 4003 
50, 5903 60,600 ; 70, 700; 80, 800; 90, goo ; and 100 at the 
end to be 10co. 

According to this DireStion, againſt x2 ( which ſtands for 120) on' 
the left hand Page, over 7 ; Points ſtands 1.18 over Lat. and 11.94 
over Dep, which done, according to the fecond Rule before given, your 
Difference of Latitude 1s x,2, and your Departure x1.9 ; then take out 
the Difterence of Latitude and Departure for the remainder, which is f, 
according to the fir{t Rule aforegoing, and after the manner of che firſt 
Example of this Problem , ſo you will find the Difference of Laticude co 
be 0,5, and your Departure 5.9; This done, ſer them down, and add 
them together afcer this manner, ” 


« k D.ſt, 


The Uſe of the Table 


Diſt, Lat, Dep. 
120 ——I4. 

 — 0.5 ————c 
I25 m— 12,3 — — 124.4 


So that your Difference of Latitude for the whole Diſtance y 25 miles, is 
12,3 Tenchs, and your Departure 124.4 Tenths, 


3 Example, 


A Ship Sayls North-Weſt by North, 7 Weſt, 976 miles, To find the 
Difference of Latitude, and the Departure. 

Under 3 ; Points, and againſt 97 (caken for 970) ſtands >7.91, 
and 57.78, that is the Difference of Laticude 779.x Tenth, the Depar- 
ture 577.8 Tenths; againft 6 ſtands 4.82 and 3.57; that is, che 
Difference of Laticude 4.8 Tenths, the Departure 3.6 Tenthsz which 
added together, makes the whole Difference of Laticude 78 3.9, and the 
Departure 581,4- 

4 Example, 


A Ship ſayls North-Eaft by North, half Eaſt, 7968 myles, to find 

the Difference of Latitude and Departure, 

To perform this, you muſt account 1 at the beginning of the Table to 
be x00 ; 2 to be 200; 3, 300; 4,400: Ando 10 tobe x000; 11 
tobe 2100; 12z 1200 3 I3, 1300; 14, 1400; So 20 to be 2000 , 
30, 3000 z 40, 4000 z FO, 5000 ; bo, 60g; 70, 7000; Bo, 8000, 
90, 9000; and I0O, I0000, 

According to this Direion, againſt 29 ( taken for 7900 ) and un- 
der 3 4 Points, ſtands 6107 for th&Diffterence of Latitude, and gox2 
miles for the Departure, according to the third Rule, Then take our 
the Difference of Latitude and Departure for the Remainder 68, ac« 
cording to the firſt Rule, which you will find to be 52.6, and 43-1; 
fo the whole Difference of Latitude is 6159.6 mules, angl the Depar- 
ture 5OFF.x miles | : 


p<... 


P2oblem fu 


P2oblem 2, 


The Courſe and Difference of Latitude being given ; To find the Di 


ftance and Departure. 
Example, 


A Ship ſayls W. N, W. balf Weſt, #ntil ber Difference of Lati- 
tude be 14.5 leagues; To find the _— and the Departare, 
Look over 6 5 Pounts, the Courſe, in the Column of Latitude, unt{l 
you find 14.5,and right againſt it you will find the Diſtance go leagues, 
and the Departure 47.8 leagues, 


P2oblem 3; 


The Courſe and Departure given, To find the Difference of Latitude 
«xd the Diſtance, 
Example. 


A Ship ſayls South-Weſt by South, 5 Weſt, until ber Departure be 
47-7 leagues ;, To find the Difference of Latitude and Diſtance. 
Look in the Column of Departure, under 3 £ Points, until you find 
47-7 ; and right againſt it you ſee 52.6 leagues, for the Difference of 
Latitude, and 71 leagues tor the Diſtance, | 


P2oblem 4. 


The Difference of Latitude and Diſtance given; To find the Conrſe and 
Departure, 
Example, 


A Ship ſayls 50 leagues between the South and the Weſt,, until ber Dif 
ference of Laticnde be 14-5 leagues ; To find the Courſe and Depar= 
ture, 

Look over your ſeveral Columns in the Table, until right againſt 50 
the Diſtance, you find 14.5 in the Column of Latitude,over the Courle, 
which will be 6; Points ; and in the Column of Departure you wall 
find your Departure to be 47.8, 3g 


kk 2 P2oblem 
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P2oblem 5, 


T he D tance and Departure given; To find the Courſs and Difference 
of Laiitnde. 
Example, 


A Ship fayls $9 leagues North-Eaſterly, until her Departure be $3.7 

leagues, To find the Courſe and Difference of Latuude ? 

Look over the ſeveral Columns in the Table, until right againft $9 
the Diſtance, you find 53.7 in the Column of Departure ; over 
ir you will ſce 3 } Points, or North-Welt by North 5 Weſt, and the 
DiRerence of Latitude (in the Column of Laticude, right againſt 8) 
r2 be 59.3 leagues, | 


Pzoblem 6, 


The Difference of Latituds and Departure being given; To find the 
Courſe and Diſtance. 
Example, 


A Ship ſayls between the North and the Eaſt, until ber Difference of 
Latitude be 56.3 leagues, ard bir Departure 51.0; To find the 
Courſe and Diſtance. 

Look over your ſeveral Columns of Latizude and Departure, until 
you find 56.3 to ſtand againſt 51.0, orthe neareſt thereto, which will 
be under 3 ; Points, which makes the Coutſe North. Eaſt by North, half 
Eaſt; and right againſt 67 leagues, which is che Diſtance required. 


P20blemn 7, 
Howv to Work a Traverſe, by the Tables of Latitude 


and Departure. 


Theſe Tables, in the Working of a Traverſe, are both readier, and 
far more exact, than any Inſtrument commonly uſed. for that purpoſe, 
Sce Problem $, of the Sinical Quadrant, page 236, 

Example, 


Example, 


A Ship ſayls South-Weſt by South 37 min, then South ly Eaſt 25 
min, then South-Eaſt by S»uth, balf Eaſt, 47 min, then Weſt by 
Arth $9 min. then W, N. 1s, 62. min. then South-Weſt half Weſt, 
27 mire To fend the D.fference of La'itude and Departure and the 


divetl Courſe and Diſtance from the [iſt Place. 


Set down the ſeveral Courſes and Diſtances as in the following Table 


| Conr(e. Diſt. | Nor. | South. | Eaſt Weſt. 

yourh- Welt by Souch.| 37 Z0.S 29,6 
South by Ealt, 39 39.2 | 07.6 

S. E. by South, ' Eſt, 47 36.3 | 29.8 , 
Weſt by Norch. | 59 | L1.5 $7.9 
W. N, W. | 62 |23.7 $7.3 
South-Weſt, | Welt. ! 27> I7.1 20.9 

35-21122.4 | 37-4,156.7 | 
JF.2 37.4 
D:it.Lar.| 87.2 | Dep.!1119.3 


Then by Prob/em 1. find the Difference of Lat:tude and Departure 
for thoſe Courſes and Diltances ſeverally, which place in their proper 
Columns, viz. It the Courle be North-Eaſterly, place the Difference 
of Latitude in the Norch Column, ( under Nor. ) the Departure in 
the Eaſt Column, ( under Eft ) - If the Coule be South-eaſterly, 
«place the Difference of Latitude 1n the South Column, (under South ) 
and the Departure in che Ealt Column. It the Courle be North-We. 
ſterly, p!ace the Difference of Latitude 1n che North Column, and the 
Departure in the Welt Column. It the Courſe be South-Weltcrly, 
place the Difference of Laticude in the South Cotumn, and the Depar. 
ture in the Weſt Column. 

As for inſtance ; In the toregoing Table, the firſt Courſe is South. 
Weſt by South, the Diſtance 37 : Becaule the Courle is South. Weſter 
ly, you mult place the Difference of Latitude 30.8 in the South Co- 
lumn, and the Departure 29.6 in the Welt Column, as you fee in the 
Table, 
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The ſecond Courſe” is South by Eaſt, the Diſtance 39 ; Therefore 
becauſe the Courſe is South-Eaſterly, you muſt place the Difference of 


Latitude in the South Column, and the Departure in the Eaſt Column :; 


The like is to be underſtood of the reſt. 

Having found the Difference of Laticude and Departure for all your 
ſeveral Courſes, and inſerted them 1n their proper Columns, you muſt 
_= add up your North, South, Eaſt, and Weſt Columns, and ſub- 

rat the North and South Columns the one from the other, viz. the 
leſs from the greater ; and likewiſe the Eatt and Weſt Columns, So in 
the Table, che ſum of the North Column is 35.2, of the South Column 
122.4, of the Eaſt Column 37.4, and of the Weſt Column x56.7 ; 
ſubſtrating the North Column trom the South, the Remainder is 87.2, 
the Difference of Lati:ude Sourherly ; and ſubſtract che Eaſt Column 
from the Weſt, the Remainder is 119.3, che departure Weſterly. 

Having the Difference of Latitude aud Departure, you may hnd the 
Courſe and Diſtance by Problem 6. But in this Example, becauſe your 
Difference of Latitude 87,2, and your Departure 119.3, out-run the 
Table, that is to ſay, you can find no ſuch numbers in the Table z there- 
fore take the half of your Difference of Latitude, which 1s 43.6, and 
the half of your Departure, which is 59.6. According to the Direi- 
on in the ſixth Problem, over 4 Points }, againſt 44.x in the Column 
of Laticude, you will tnd 59.4 in the Column of Departure, (which 
are the rwo neareſt numbers in the Table) and in the Column of the 
Diſtance 74, which being doubled is the Diſtance ſought : The Courſe 
3s berween the South and the Weſt, becauſe the Difterence of Laticude is 
Southerly, and the Departure Welterly, therefore the Courle is South- 
Weſt, i Weſt, which was required. 

This Table 1a particular is very uſcful for the cafie forming of a Seas 
Reckoning, or Fournal ; as ſhall be inſtanced in this following Table, 
beng a Journal from the Lizard to the Barbadoes, 


The Title of your Journal may be as follows. 


A Fournal of our Voyage intended, by God's permiſſion, from the Lizard, 
8n the Latunde 50* 0c), North, Longitude (from the Pico of Teneriff ) 
12* 37%; andthe Iſland of Barbadoes,in the Latitude 13" 12/,North, 
Longitude 3199 40%. The Difference of Longitude between the Lizard 
and the Barbadocs # 52* 57, the Courſe South-Weſt, batf Weſt, Di- 
ſtance 2821 min, March 20. 1672. the Lizard bears North, diſtant 

39 min, How 
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Lizard South. 


8 18 jo4rq 


+7 oc/S.W.by S. i W. 
Correction by Obſervar. 


$. W.by South, 
S.W. by South, 
$,W. by South. 


S.S.W. ; Weſt, 


ACIEMEIM 


S.S.W. * Welt] 
Correction by Oblervar, 


>lwlvl.| 


S.W. by South. 
S.W. by South, 122 
' South-Weſt. [x16 
Correction. by Ovſervat., 
Welt | 22] 
South-Weſt. | 96 
South-Weſt. 114 
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$,W. by Weſt, 


| 


72 


96 
70 


138 


72 


— 


102, 


35 


20 


$ by W.3W. 32 
South by Welt. | 120 
Correct, by Obſerv,];. 


S. by W, : W. 


164 
I25 
I1iO 


118 


Eajt- 


AIM, 
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ing, 
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Welit- 
ing. 
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& ! Month and The |Dilt. South|Eaſt-] Weſt- | Lat, by 
= j Lat, by ob- Courſe 11 Nor, inp. ne. ing. [reckon, 
a (ſcrratiion. 'Corrected, | min, min. \min. | mim. \d. m. 
=] 1672, | Brought from the ather fide 18.05 
16| April, (W.SW | 91] © 1348) $441[17.30 
OA il” [32 | 7700648 
15 \W.S.W.|107 41.0 98.9116.17 
19] W.S.W:[103] © [39-5] | 95-2115-37 
20/14 43 W.S,W. 116] 44.4 ge IO07.2]14.53 
2M [Corre&. by Obſcrv. 10. Lo _15-9{14-43 
21 IW. by S.|110 21.5] 1107.9[14.21 
22 (W. by S 120] 23.4 PR. 117.7 13.58 
23 \W. by S. x06] 20.7|__ 104.0[13.37 
24 | W.by $.|100 19.5] | 98.1]13.17 
25|_——_W.byS$1120)__ [23.4] __ 1827-72-54 
26} 13” 12/W.by N. 100 wh]. It [_98.1 13.14 
27 Welt. _ =Y 130.0]13.12 
28 | Welt. [x36] | © Wy 136.0] 13.12 
29 13” 12/4 Welt, Fs 4 ip ' 69.0!13.12 


Eaſt 
Long 
min. 


I,O 


had 


The whole Difference of Longitude is 3177.6,o0r 3178 min, 
which is 52* 587 Welterly, 


The Explanation of this Journal. 


In this Journal thereare eleven Columns ; The firſt contains the daye; 
of the Month; the ſecond, the Aonth of the Year, and Latitude by 
Obſervation 5 the third, the Courſe Correfted, by the allowance for 
Leeway, or for the Variation of the Compaſs, it there be any ; the 
fourth, the Diſtance ſayled ; the fifth, fixth, ſeventh, and eighth, the 
Northing, Southing, Eafting, and Weſting, being the Difference ot 
Lacicude an4 Deparcure of the ſeveral Courſes and Diſtances ; the ninth, 
the Latitude by Dead-Reckoning z the tenth, the Eaſt Longitude ; the 
eventh, the Weſt Longuude. 


Here 


| 
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Here I would adviſe all that are deſirous to give a good account of 
their Reckoning, to any that have Reaſon or Authority to demand it, 
That they keep a particular Account of that which they take off the 
Log-board every day at Noon, either in the ſame Book where they keep 
their Reckoning, or elſe in a Book diſtinctly for that purpoſe, common= 
ly called a Log-Book, 

Now, the manner of proceeding in this Fournal, by the help of the 
Table of Latitude «nd Departnre, is very facile, as followes; the 224 of 
March, at noon, I find the Lizard to bcar North, and to be diſtant 
abour 10 leagues, or 30 miles, or minutes ; therefore I am to the ſouth- 
ward of the Lizard 30 minutes ; which 30 minures I place in the South 
Colmwmn, and that makes my Latitude 49 deg. 30 min. 

The 23d day, my Courſe is South-Weſt, and the Diſtance x 12 mi. 
nutes; to find the Difference of Latitude and Departure, by the Table 
of Latitude and Departure, according to Problem x. The Difference of 
Latitude 1s 79.2, and the Departure 79,2, Becauſe the Courſe is South. 
Weſterly, I place the Difference of Laticude in the Sow1b Colnmn, and 
my Depaiture in the Weſt Column ; 79 min, or 1* gf {ubltracted trom 
40? 30), gives the Latitude 489 117, 


How to find the Difference of Longitude. 

To find the Difference of Longitude in the two laſt Columns, you 
have both Latitudes, 48 deg. 11 mis, and 49 deg, 30 mire (the preſent 
Lacitude, and the Lac, of the day b:tore) and che Courſe $. W, by 
which you may find the Diff. Longitude, according to the proportion 
in Chap. 5. Prob. 3. of CMercators Sayling : Saying, As Radiny, to 
the Meridional Diff. Latitude ; So # the T ang. of the Conrſe,to the Diff. 
Lengitwde. This Proportion being wrought by che Logarithmes, or 
the | va ant Scale, (which may ſerve in this caſe) you will find the Diff 
Longitude 120 min. which place in the Weſt Column, becauſe your 
Courſe is Weſterly. 

The 24'b day is wrought after the manner of the 23d, having the 
Courſe and D;ſtance given, co find the Df, Latitude, Departure, and 
Diff, Longitude, as was ſhewed before, 


How to Corrift your Reckoning by Obſervation of the Latitude, 
- On the 24thof March, by a good Obſervation, 1 find my Latitude 


fo be 47 deg. whereas by my Reckoning I thould be1u che Lar, 47,deg. 
CLI 5 mis, 
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15 min, ſo that the Difference is 15 m1». more Southerly : Therefore t6 
Correct my Latitude, I place 15 min. in the South Column; which ſub. 
ſtracted from 4.7 deg. 15 min. makes my Latitude by Reckoning, to a. 
gree with the Obſervation, To Correct your Departure, you muſt con. 
ſicer, whether the faule may be imputed to your Courſe, or to your 
Diſtance; if your Courle be well ſteered, and you find no Carrent, nor 
any Variation of the Compaſs, then your Diſtance is faulry : But if 
you cannot truſt to the Courſe ſteered, then your beſt way is to Corret 
your Latitude only, not medling with your Departure, If there be a 
Carrent, and you know which way the Current ſets, and bow faſt, 
then find the Diff, Laticude and Departure of che Current, and add or 
ſubſtcaRt chat Lacicude and Departure, to or from the Ships Diff. Lati- 
tude and D:parture, according as the Cxyrent doth farther or hinder 
your Ship in her Courſe, But if you only by ſome probable reaſon con. 
jecture there is a Current, then give what allowance you think meet in 
Diff. Latitude and D-parture, and fee if that will retorm your Reckon= 
ing in your Latitude z if ſo, you have gueſled well 3 bur if it will nor, 
3t's to be ſuppoſed that you are miſtaken 1n your Conjecture, or that 
there is ſome other cauſe of this Error in your Reckoning, 

If the Compaſs varies, (as moſt commonly it doth)then tinding what the 
Variation is, and which way it is, you muſt allow ic in the Ships Courſe, 

Bur if you cannot impure the Error to any of cheſe, then (as I ſaid 
before) the Diſtance is faulty, and this is that which uſually makes the 
Difference berween the Latitude Obſerved, and the Latitude by your 
Reckoning : and this I take to be the cauſe of the error this 24th day of 
March, and generally in this Reckoning. 

Now to Corre& your Departure and Diff. Longitude z you muſt add 
up the North, South, Eaft, and Weſt Columns, trom the day that you 
Corre&, to the beginning of your Fowrnal-T ables; if it be the fiſt Cor. 
xeRion you have made, or from the day of Correction to the laſt Cor- 
reRion; if it be the ſecond, third, fourth, 8c. then ſubſtrat che Sums 
of the North and South Columns from each other, and likewiſe of che 
Eaſt and Weſt;, And ſay, by the Rule of Proportion, As the Difterence 
of the North and South Colamns, to the Diff, of the Eaſt and Weſt Co. 
lumns ; So is the Diff, berween the Latitudes by Obſervation and Reck- 
oning; z tothe Diff. inthe Departure, .And for the Diff, Longirude, 
As the Diff. between the Laticudes by Obſervation and Reckoning, 
to the Meridional Difference for thoſe two Laticudes ; So is the Diff, in 
the Departure, to the Diff. in the Longitude, 
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Example. 

The 24th day you will find the Sum of the North Column 00, th+- 
Sum of the South Column (leaving our 15 mix. the Error) 164.8 my 
and therefore their Diff, is 164.8 : The Sum of the Eft Column is c< 
min. of the Weſt Column 124.9, and their Diff, 124.9, Then the Opc- 
ration by the Logaricbme will be, 


Co. Ar. | 4 "| | 
As the DiF. of the North and South Columns 164.8 7.78304 = 
To the D if, of the Eaſt and Weſt Columns 124.9 2.09656 | 
So is the Diff, between the two Laticudes 15-0 I.176cg 
 TotheD.fterence in che Departure II. x1.05569 | py * 


— 


Place this 11 mn, in the #eſt Column, becauſe the Sum of the #*ſ# Coe 
lumexceeds the Sum of the Eaſt Column. 


In chis Operation we neglect the Texmths of the Departure, as not to ii 
be regarded, 


The Operation for the Difference in the Longitude, 


The two La:itudes are 47 deg. 15 min. & 4.7 deg. CO min, by which, 
in the Table of Meridional Parts, you will find the Meridional Diff, 
Laticude 22 min. Theretore, 

Co, Ar. 
As the Diff. between the two Latituder 15 min, —— $.82391 
T-« te Meridional Diff, of thoſe Lat, 22 min, —— 1, 34242 
So is che Diff. in the Departure 11 min, I.c4139 


To the DF. in the Longitude 16 min, —— X1-20772 


— — 


This 16 min. 1s placed in the Weſt Column, becauſe the Departure is 
Welicr y. 

A! e the ſame manner are the Corrections made in this Tournal, up- 
onthe 3oth of March, the 4tb, the grb, and the 20th dayes of April ; 
the Error beivg ſuppoſed torbe in the computation of the Diſtance, 

If your Ship favl ſeveral Courſes in 24 hours, you muſt find your 
D.fﬀ, Lz:ticude and Departure, by working a Traverſe, according to 
Probl. m 7, inche Ule of the Tabv'e of Latitude and Departure; your 
DA, Latjtade will give you what Latitude the Ship is in 3 then have you 
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two Latitudes, viz the Latitude the Ship was in the day before, at 
Noon, and the Latitude che Ship 1s now in, by which you may find 
the Mecridional Diff. L:titude, by the Table of Meridional Parts, ac= 
eording to Chap. 5. Prob. 1. of Mercators Sajling. 

Then, for your Diff. Longicude, ſay, 


As the Diff. Latitude found by the Traverſe, 
To the Diff. Latitude 1n Meridional Parts © 
So 14 the Departure found by the Traverſe, 
To the Diff. Longitude for that Traverſe. 


To find the whole Diff, Longicude of .the two Ports between which 
you make your Voyage, ;E 

Add up the Columns of Eaft and eſt Longicude, and ſubſtrat the 
one from the other,the Remainder reduced into deg. and miv, is the Diff, 
Longitude ſought, | 

In this Fowrnal, the Diff. of the Eaſt and Weſt Columns of Longi. 
tude, is 3177.6, or 3178 min; which reduced into deg. and min, makes 
52 deg. 58 min, the Dif. Lougicude berween the Lizard and the Bay. 
badoes. 


Y 
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Lhe Uſe of the Table of ten Chiliads, 
02 ten thouſand Logarithmes, 


2. 2 424 Number given under 10000 ; To find the Logarith 
| _—_ n " 0m 
The left hand Column of every Page, contains Numbers, increaſing 
I their Natural Order, from x to 999, The other five Columns of 
each Page, contain the Logerithmes of all Numbers, from x to 9999 : 
Theſe Columns on the lefe hand Page, are diſtinguiſhed with the figures 
©. I. 2. 3+4. thoſe on the right hand Page with 5.6. 7. $, 9, 
The Numbersin the left hand Column, by the ſupply of thoſe figures 
en the top of the other Columns, are extended to 9999, and art to be 
zead croſs both Pages. 
If the Number propounded to find its Logarithw, conſiſt of one place 3 
as ſuppoſe you were to find the Logarithme of ( 7 ); look for (7) a- 
mong the Figures. on. the top of che Columns, and right againſt * n 
: the 
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the left hand Column, and under (7 ), you will find 0.84509 $0, 
which is the Logarithme of 7, 

If the Number propounded confift of two places, as ( 68); look the 
firſt Figure (6) 1n the lefc hand Column, an the laſt Figure ($8) at 
the cop of the Page z then right againſt (6 ) and under ( 8), you wall 
fiad 1.8325089, whichris the Log, of 68. 

If the Number confift of three places, as 574, look for the two firſt 
Figures (F7 ) in theleft hand Colamn, and che laſt Figure (4) at 
the trop ot the Page; then right againſt (57) and under (4), you 
will find 2. 5789119, which is the Logar, of 574. 

If the Number conſiſt of four places, as 9499, look the three firſt 
Figures (949 ) in che left hand Column, and the laſt Figure (9) at 
the top of the Page; ſo right againſt (949) and under (9 ), you 
will rnd 3.9776779, which is the Logar. of 9499. 

2. A Logarithme being given; To find the correſpondent Namber. 

Note; Itche firſt Figure of che given Log ar; hue be ( © ) the Num» 
ber ſought confiſts of one placez it itbe ( x ), it conſiſts of ewo places ; 
if icbe (2), of chree places ; if icbe ( 3) of four places, 

Let the Log be 0.9039900z this Logar. will be found in the firſt 
line of the Table againſt (0); for it you [ook in the firtt line, croting 
both Pages, under (8 ) upon che r:ght hand Page, you will fiad the 
given Logar, which ſhews that (8) 1s the Number ſought. 

Let the Log. be 1.919078x ; loox down the ſecond Column of the 
lefc hand Page, among thoſe Logarithmes, and you will find the neareft, 
being leſs than the given Log.to be 1.90z309c0, and the Number againſt 
it, inthe left hand Column, is ( 8), then look croſs the Peges in the 
lame line againſt (8), and under (3) at the top of the Page,. you 
will find the Logar. given; therefore the Number ſought is 83. 

Let the Log. be 2.8318698; Look down the ſecond Column of the 
lefc hand Page, until you find a Logar, being the neareſt leſs than the 
given Logar. which-will oe 2,8260748, and the Number againſt it, 12 
the left hand Column, is 67 ; then look cro's b-th Pages in the ſame line 
againſt 67, and under (9 ) (at the top of the Page) you will find the 
given Logar. therefore the Number ſought is 679. 

Let 3.9802761 be the Logar. given; Look down the ſecond Column, 
as before, and you will find the neareſt leſs ro be 3.9800034, and the 
Number againit it 955 ; and crolfing the Pages, as before direed, un- 
der (6) you will have the given Logar, thereforg the Number fought 
8 9556, : 

Let 
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Let the Logar, given be 3.9664379 ; If you look inthe Table, ac. 
cording to the former Directions, you cannot find any Logar, the ſame 
witi this heregiven ;z and this is commonly the caſe in the uſe ot thelc Ta- 
bics ; bur then you muſt find che ncarcſt,being leſs than the Logar, given ; 
which is 3,9664233, aud thc number arſweing theieto 15 9256, which 
15 the Number ſought, 
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Lhe Uſe of the Table of Artificial, 02 
Zogarithmical, Sines, Zangents, 
and D©ccants, 


"J'tts Table contains the Logarithmical Sines, Targents, and Stcants, 
of every Degree and Minuteof the Quadrant. 

1. To find the Sine, Tangent, or Secant, of avy degree and minute. 

If the Degrees be leſs than 45, your Sine, Tangent, or Secant, 1s 
ſ-und in thoſe Columns, which ate d:ſtinguithed by the words, (Sing ) 
(Tang) (Secant) atthe head of the Table. 

But if the Degrees exceed 45, then your Sins, Tangent, or Secant, 1s 
found in thoſe Columns, which are diſtinguithed wich the words ( $:xe) 
(Tang) (Secant ) at the foot of the Table. 

Suppoſe you were to find the Log. Sine, Tangent, or Secant of 32 deg, 
12 min. Look for 32 Degrees at the head of the Table, and upon the 
letc hand Page, in the Column of Minutes, under the Letter ( M), you 
will find 12 mi» and againſt 12 mix. and under S:xe at the hcad of the 
Tavle, you ſhall find 9.7266274, which is the Log, Size of 32 deg. 
12 min. and againſt 12 mn. and under (Tang) you have 9.799156g, 
the Log. Targent of 32 deg, 12 min. And againſt 12 min, and under 
( Secam) you have 10,0725 305, the Log. Secant of 32 dro, 12 miy, 

Suppnſe you were to find the Log. Sine, Tangent, or Seca't of 37 deg, 
47 min; Turato 37 Deprees at the head of the Table, and ppon the 
Tizht hand Page (ncalle the Minutes exceed 3D) in the Column of Mi. 
nuyes under (M ), you muſt look for 47 min, and azainit 47 min. and 
under (S1:ze) at the head of che Table, you will tnd 9.78723 17, the 
Sine of 37 drg. 47 min. And againſt 47, and under ( Vang), you will 
had 9.8894214, the Tarrent of 37 deg. 47 min, And avainlt 47, 
and ungcr Secant) you W.1! tiud 10,1021897 Ut Secure of 37 degrees 


47 m.nu;c, Suppoſe 
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Swppoſe you were to find the Log. Sine, Tangent, or Secant of 64 deg. 
15 min. Turnto 64 Degrees at the foot of the Table, a d upon tne 
right hand Page, in the Column of Miaxtes, over the lecter ( M ) look 
upwards for 15 mm. againſt 15 min. and over (Sine) at the foot of the 
Table, you will find 9.9545793, the Sine of 64 deg. 15 min. and 
azainlt 15 min, and over (Tang) you will ft:d x0 3166443, the Tan- 

ent of 64 deg. 15 min. Andazgainſt 15 min, and over (Secant) you 
wall find x0. 3620649 the Secant of 64 deg. 15 min, 

Suppoſe you were to find the Log. Sine, [angent, or Secant of 78 dep, 
45 min, Turn to 98 Degrees at the foot of the Table, and upon the 
left hand Page (becauſe the Minutes exceede 30) in the Column of Mi- 
nutesover (M) look for 45 min. againſt 45, and over { Sine), you 
find the Sine of 78* 457, to be 9.99 15739,and the Tangent,in the ſame 
Line over (Tang) to be 1C.7013382 and the Segant, over (Secant) 
to be 20,709764 3. 

2, A Log. Sine, Tangent, or Seeant, being given, to find the Degrees 
and Minutes anſwering thereto. 

This is but the Coaverſe of the former, but that yuu may the more 
readi:y turn to the degree and minute required, take this brict Di- 
rection, | 

If ir be a Sine, and che five firſt Figures leſs than 9.8494, or a Tax- 
gent leſs than Radizs, or 10,00000c0 z or a Secant, and che fix firſt 
Figares lefs than 10,1505 5 then it 15 a Sine, Tangent, or Secant of leſs 
than 45 deg» and 5s to be ſought, in thoſe Columns diſtinguiſhed with 
( Size) (T ang.) ( Secant ) at the head of the Table z bur it che Size, 
Tangent, or Secant, exceed theſe reſpective Numbers, then the Degrees 
anſwering thereto are*more than 45, and they are to be found in thoſe 
Columns diſtinguiſhed by (Sine) (Tang) (Secant) at the foot of the 
Table, 

Suppoſe you were to find the Degrees and M nntes correſponding to this 
Sine 9.7035327 + This being les than 45, I run over the ColumnFof 
Sines, diſtinguiſhed by (Size) atthertop ; and under 30 deg. and a- 
ga:nſt 21 min. I find the given $i;xe. 

Swpprſe 1 were to find the Degree and Minute correſponding to this Tan« 

ext, 10,3962931: This being greater chen 45 deg. I run over the 
= hs of Twhgents, diſtinguiſhed by (Tang) at the foot of the 
Table z and over 67 deg. and againſt 39 min. I tind the neareſt leſs,vizs 
19, 3860000, and therefore the neareſt deg. and min, correſponding, are 
G7 deg. 39 min 


IT. Note, 
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1, Nite, If you are to find the Sine Complement, Tangent Comple- 
went, or Secant Complement, of any deg. aud min. As, luppoſe you 
were to find the Sine Complement of 39 deg. 17 min. SubſtraCt 39 deg, 
17 min, from 90 deg. 00 min. and look the Sine of the Remairder, 
(or Complement to 90 deg.) viz, the Sine of 50 deg. 43 min, 

2, Note, It you are to find the Sine, Tawgent, or Secaut, of any 
Number of deg. and min, exceeding 90. As, luppole you were to find 
the Tangent of 127 as. 39 min, lubſtract-127 deg. 39 min, from 180 
deg. 00 min, and find the Tangent of the Remainder, viz. the Targ. 
52 deg. 21 min. Which is allothe Tangent 127 deg. 39 Win. as Was Its 
quircd. 


I have been the more prolix in explaining theſe Tables, becauſe I would 
have any Body readily to uſe them, without che help of a Tutor, 


Containing 


Ten Chi liads 


LOGARITHMES: 


For Numbers increaſing in their Natu- 
ral Order, from 1 to 10000, 
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4729927 | 4730438] 4731949 
4743620] .4745276| 4745533 
.4753164| .4759616| 4761067 
.4772660| ,4774917| 4775553 
4787108] .4788550| 47809991 
4821507 | 2.4892945 | 3.482438 1 
.43815859| .4817292| 4818724 
4339164 | .4831592| 4533019 
4844422] .4845845 | .4847268 
4858633 | ,486c052| .4861470 
.6872798] .4874212| 4875626 
3.4886917[3.4858326|3.4889735 
.4900990| 4992395 | 4903790 
4915218] ,4916418] .,4917818 
4929090] 4930396] 4931791 
49429383] .4944329| 4945720 
4956831] .,4958218| 4959604 
3-4979679|3.4972062| 3.497 3444 
.498448584} .4985862| .4987240 
4998245] .4999619| .,5000992 
FOII962] ,FOI3332| .,FOI4JOIL 
FSo25637] .5927002| 5028366 
.5039268| .5042629| .5041989 
3-5052557| 35054213 | 3-525 5569 
5066403] .5067755| .5069107 
.5079997| 5081255 | ,$082603 
SO93370] 5094713] .FO9COF7 
5106790} .FICSI30] .Fic9469 
_+5120170f .y12150F 5122841 
35133508 3.5134840 | 3.5136171 
5146805] 5148133] .5149460 
.F160062] .5161386| ,5162709 
5172279] 5174598] .yi75917 
F186455} .5187771] .5189086 
299592] .520c9031 202214 
.F212689 5213996 | .F215303 


NOM 
3-4718782 
«7 33410 
4747988 
4762518 
«4770999 
_</ PACE 
3-480 05818 
4820156 
«4* 34446 
4848690 
4862888 
4977039 
3-45891144 
+49 C203 
4919217 
4933186 
4947110 
-4960990 
3-4974625 
4988617 
5002365 
F21606 
5029731 
5-43349 
3-5056925 
65070459 
F083950 
509 7400 
5110808 | 
FI24175 


3.5137501 
FIg787 
F164031 
FI77230 
5190400 
F203525 
5216610 | 


[Numj 5 "EE HE” LES 

296 |3,4720247 |3-4721711] 3,4723175 | 3.4724639 | 3.4726102 
297| .4734370| .4736329| .4737788| .4739247| 4740705 
268} .4749443| 4759398] ,4752352| .4953806| .4755259 
299 .4763968| .4765418| .4766867{ .4768316| .,4769765 
399| .4778445| 4779890] .4781334]| .4782778] 4784222 
Zor| .4792573| 4794313] 4795753] 4797192 4798631 
392| 3.407254 | z3.4808689 | 3.4$10124 | 3.4811559 | 3.4812993 C1 
393 | .4821587| .4823018] .4824448 a825878| 4827307 Wl 
394] 4335873] 4337299] .4838725| 4840150] .4841574 8 
395 | 4959112] 4851533! 4852954] .48543725| 4855795 
z06| .4364305| .4565721| .4367-138] ,4868554t 4869969 
307| 4878451] .4579863! 4881275 +$52686 | 4884097 
393] 3.4$92552| 3.4893959| 34895366 | 3.4896773| 3.4898179 
329] .4926607| ,4908009] .4909412} 4910814] ,4912216 
310] .4920616} .4922014| .4923413} 4924810] .49262907 
311] .4934590| .4935974| 4937368] ,4938761| 4940154 
312] .494$85c0| .4949890| .4951279 4952667 | 4954056 
313] -4962375] .496376I] .4965I45 | 4966529} 4967913 
314] 3-4976206| 3.4977537 | 3-4978967 | 3.4980347 | 3.4981727 
315| .4939994| .4991370| -4992746| .q4994121| .4995496 
316] .5003737| .yg005109] .5006481| 5007852] 009222 
317 017437 .FoL18805 j; .y020172] .,yo21539]| 022905 
z15| .5031094| .5932458| .5033821| 5035183] .g036545 
319] .,5044709| .5946068}; ,5047426| .g048785 | .gago142. 
320 3.5958280| 3.5059635 3.506c990 3-5962 344 3.5c63697 
321] ,5071810 5073160} FO74511]} .5075860| 5077210 
322] ,5085297| .5986644| .5087990| .50894335| .50g90680 
323] .5093743]| .5i00085] 5101427] .5102768} .g104109þ 
324| .5112147| .5113485] .5114823] .g116iGo| 117497 
325] .5125512| .5126844| .5123178| 5129511} .5130844 
326 | 3.51383832| 3.5 1401623 5141491] 3.5142820| 3.5144149 
327| -J152113| .5153439| .5154764| .5156089| .5157414 
328] .5165354| .5166676; .5167997]| 5169318 5170639 
329] .5178554| 5179872] .5181189] .5182506| 5183823 
330| -5191715| .5$193028| ,5$194342] .5195655| 5196968 
331] .5204835 | .5206145| ,5207455| 5208764 | 5210073 
332] .5217916| .52192221 ,5220528| .5221833! ,5223138 


nn2 


O 


3-53224442 
5237465 
5259448 
25263393 
3276299 
5289167 


3-53-1997 
5314739 
53357544 
+5 340261 
5352941 
5365584 
3.5378191 
+5390761 
3403295 
259415792 
3428254 
5442690 


3-545 3971 
5465427 
477747 
5490033 
+5 502293 | 
5514500 


I 
3:5225 74.6 
5238765 
23251744 
3264685 
5277588 
«3290452 
3-5393278 
3316066 
5328817 
25341531 
+33 54207 
3366847 
3:337 94509 
+5392016 
+5424546 
«3417040 
+5342949 
5441921 
3-545 4328 
+5466660 
«5478977 
+3491259 
«5503507 
+JF15720 


368 


- 3-55 26682 


5538830 
-5J552944 
556302F} 
*IJF7F072 
558,086 


3.569906C 
SOLIOL4 | 
5622929 | 
5634811 | 
5646661 
<*58478 


3-53527898 
+55 40043 
*5F52154 
5564231 
5376275 
Z588285 


| 2 

3.5227050 
5249064 
325 3940 
3265977 
5278876 
5291736 

3-539455s 
2317343 
5330090 
5 342590 


23355473 
«3368109 


3.5380798 
+5393271 
«3425797 
45418288 
5430742 

25443261 


3-5455545 
5467894 
5480207 
«5492486 
+3524730 
3516939 

3-5529114 
5541256 
-5553362 
3565437 
5577477 
5589484. 


3-5600262 
5612207 
5624118 


{ 369] *5670264| .5671440 


3-5601458 


-3613399| 


5625308 
5637183 
5649027 
5660838 


| 53672617 


J 


A 


4., 
[nanT; 3-5229656 
+5241364] .5242663 
+5254335] 5255631 
3267269] .5268560 
5290163] .5281451 
_+329 3920 +F294303 
3-5395339 | 3-5397118 
-5318619] .5319895 
-53331363] 5332635 
+5344269 | 5345338 
*5356738] .5358003 
+5369370] 5370631 
3-5381966 | 3.5383223 
*23394525| 5395779 
+5497048] .5408298 
«5419535 | 5420781 
+5431986] .5433229 
3444421 | -5445641 
3-5456781 | 3.5458017 
3469126] .5470359 
+3431436] .5482665 
59493712] 5494937 
| 5505952] +5507174 
| 551158] 5519377 
3-55 39330 [35531545 
+5542468 | .5543680 
3554572] «5555781 
-5566643] 5567848 
5578680] .5579881 
5590683] 5591882 
35602654 3.5603849 
| «5G14592] 5615784. 
| .562649;7|. .5627685 
| 5638369] 5639555 
5650209] .5651392 
5662017] .5663196 
5673793 


+5 674969 | 


tt 4 


—_—_ _— 


3:5398398| 3.5399677 


—— 


95 


9 


3-5236164. 
5249151 
+5J262100 
«5275010 
.5287882 
+53007 16 

$+533 33512 
5326270 
5333991 
5351675 
+5304322 

3370932 

3-5359506 
+54922043 
+5414544 
+5427010 
+5439439 
5451534 

3-5464193 
5476517 
5488806 
+J5J01060 
5513280 

25525465 
3-55 37617 
253549735 
J561818 
-557 3569 
5585886 
5597870 

3-5609820 
5621739 
5633624 
5645477 
5657298 
.5669087 
5680843 


\ _ 


ee... 


0 I 2 3 4 
3-5582017|3.5683191 Tnbarny | agnk55 gp 3-5656710 
3693739] 5694910 .5696080| 5697249 | 5698419 
5705429] .5706597 5707764} -5708930| +5710097 
.5717088| .5718252| .5719416| .5720580| 5721743 
3728716] .5729877| .5731933| +5732198| 5733358 
5749313] 5741471] 5742625} -5743786| +5744943 
3-53751978| 3.5753033|3-5754188| 3-5755 342| 3-57 56496 
5763413] .5764565| .5765717| 45766868] 45768019 
5774917] 5776067] 5777215] +5778363| 5779511 
3786392] .5787538| .5783583| -5789828]| .5790973 
3797836] .5790979| .5802121| .5801263] 5802405 
.5809250| .5819389| .5811529] .5812668{ +581 3897 
3-5820634|3.5821779| 3.5822907 | 3-5824043] 3.5825179 
5331988] .5833122] .5$34255] -5835388| -5836521 
5843312] 5344443] -5345574| -5845704| 5847834 
5854607] .5355735| 5856863] 5857990] 5859117 
.J$65873] .53866998| .5868123| .5869247] 5870371 
5877110] 53878232} .5879353 _:5589475 -J881596 

| 3-588831713.53889436| 35890555] 3-5591674|3-5892792 
.5899496]| .5902612| .5901728| .5902844| .5903959 
5910646] .5911759| .5912873| -5913985| .5915098 
5921768] .5922878| .5923988] 5925098] .5926208 
5932861] .5933960| .5935076| 5936183] .5937290 
5943925] 53945030] .3946135] 5947239] -594$344 
3-5954962] 3.5956064 | 3.595 7166| 3.595 $268[3-5959369 
.Zo65971] .5967070| 5968169] -5969268| 5970367 
5976952] .5978048] .5979145}] 5980241] 5981336 
5987905] .5988999| .5990092| 5991186] .5992279 
5998831] .5999922| .6001013] -6002103| 6003193 
.6509729] ,60910817] 6011905] 6012993] 6014081 
| 3.60206cc} 3.6021685 |3.6022771| 3.6023856|3.6024941 
6031444] 6532527] .60336cg| .6034692| .6035774 
.6042261] 6043341] 6044421] -6045500] 6046580 
.6ogzog5o] 6054128] 6ogg215| .6o56282] Sog7359 
6263814] .6064888| 6065963] 6067037] 6068111 
.CO7455c] F6075622| ,6076694| 46077766] 6078837 
.6Co8526ct ,6086330] 6087399! 6088468] .6o89537 


_— -——_— 


— 


Num | 5 6 MT G Bn 

"370! jo :5687882 3.568905 4 |3.5690226| 35591397 3-5692568 
371| 5799583] .5790757| .5701026| 5703094} 5704262 
372] «5711263} .5712428| ,5713594} 5714759 | 5715924 
373] +5722906| .5724069| ,5725231] .5726393i 5727555 
374| 5734513] -5735678| .5736837| 5737999 | 5739154 
375 | -5746099] 5747255 F 748412 -F749568} 5850723 
376 3-5757650 3-57 53803 [3-5759956| 3.5761109 | 3.5 762261 
377| -5769169| .5770320| .5771470| .5772620 | .5773769 
378] .5780659| -5781806| ,5782953] 5784100} .5785246 
379| «5792118| .5793262| .5794406| .5795550| 5796693 
380] .5393547| -53894688| .5805829} 5806969} .5808110 
381] -5814945}] .5816c84 | *5817222| .5$18359 5819497 
382 | 3-5826314|3.58274509 | 3.5828585 | 3.5829719 3-5830854 
383] .53837654| .5838786| *5839918| .5841050|_ .5842181 
384] -5348963| .5850093]| .5851222| ,5852351} .5853479 
385] -5860244| .5861370| .5862496}| .5863622| 5864748 
386] *5871495| .5872618| .5873742| .5874865| .5875987 
38>] -5882717| .5883838| .5884958] .5886078| .5887198 
388] 3.5893910|3.5895028 | 3.5896145 | 3.5897262 | 3-5 898379 
389| ,5905075| 5906189 | .5907304| 5908418! .5909532 
390| .59162Io| 5917322 | .5918434| .5919546| .592065 7 
391| .5927318| -592$427| .5929536| .5930644| 5931753 
392| +59338397| +5939503| .5940609| .5941715 | 5942820 
393} +5949447| +595055I| 5951654} .59527F7 +595 3860 
394) | 3.59604.70 3-5961571 3.5962671| 2.5963771 | 3-5964871 
395| +5971465| $5972563| *5973660| 59974758} «5975855 
396] -59824z32| .5983527} .5984622 -F9S5717 | +F986811 
397] +5993371| 5994464} -5995556| 5996648; 5997739 
398] +6004283] 6005373} 6006462] .6oopgyri}!} S008640 
399] »6OIF168| 60162551] 6017341 _-6018428 | GOI9514 
430 | 3.602602F5|[ 3.6027109 . 3.6028193| 3.6029277 j 3.6030361 
401] 6036855] 603792 ? | .6039018] .,6040099 | .6041180 
402| 6047659] .60 +8238; .6:49816| .6ogoB8gg| .6og1973 
403] .6dog8435 6059512] .Co6o587] 6061663} H062738 
404] 6069185 —_ 6071332] 4Lo72405| 6073478 
405 | «6079909 .bc80g76| 6082050] So $3120 | .Co84190 
406!) 6ogobogt Cog1674!' 60927421 . 6093809 .So94877 


ht et 


_— OR 


_— 


— 


- 4 4 = 
ASIC 


O 

3.6995944 
6196602 
G117233 
.6127839 
6138418 
6148972 


3-61595O1 
«61790003 
6180481 
6190933 
6201360 
«6211763 


3-6222140 
16232493 
6242821 
6253124 
6263494 
6273659 

3-628 3889 
6294096 
6304279 


| 6314438 


0324573 
6334685 
3-6344773 
6354837 
.6364879 
6374897 
.6384893 
.6394865 
3-6404814 
6414741 
6424645 
6434527 
:56444396 
6454223 


644937 


I 


3.609 7OILL 


6197666 : 


6118295 
.6123898 


«0139475 
.6159026 


3.6160FF2 
«6171052 
6181527 
«OI91977 
.6202402 
.6212802 


3.6223177 
6233527 
6243852 
6254153 
6264430 
6274683 


3.6284911 
.629FIIF 
6305296 
6315452 
6325585 
-6335694 

3.63457 50 
6355843 
6365 882 
6375898 
6385891 
6395861 

3.6405 808 
06415733 
6425634 
6435514 
6445371 
6455205 


6465017 


p- 


3.699 8078| 3.6099 144 
.6108730| .,6109794 
6119356 | 6120417 
6129957] 6131015 
6140531] .6141587 
G1I51080| .6152133 

3-6161603| 3.6162654 
«6172TI0T1| -6173149 
6182573] 6183619 
+6193021| +6194064 
6203443] 6294484 
.6213840| .6214879 

3-6224213|3-6225249 
-6234560| 6235594 
+6244384| -6245915 
6255182] 6256211 
6265457] 6266483 
.6275707| 6276730 

3-6285933| 3-6286954 
«6296134 +62971I53 
.6306312| 6307329 
,6316467| 6317481 
6326597 6327609 
6336704 -6337713 
3-6346788| 3-6347795 
6356848] 6357852 
.6366884| 46367887 
.6376898] 6377898 
.6386889] .6387887 
.6396857| 46397852 
3-6426502| 3-6407795 
.6416724| 6417715 
6426623] 6427612 
.6436500| 6437487 
6446355 | 6447339 
.6456187| .6457169 
6465997] 6466977 


6398847 


—, 


3-6 100210 
611085 7 
6121478 
«6132073 
614264 3 
GIF3187 


3:6163705 
GI74197 
6184665 
.6195 107 
6205524 
6215917 


3.6226284 
«6236627 
6246945 
6257239 
6267509 

6277754 


3-628 7975 
«6298172 
-6308354 
6318495 
.6328620 

— 

3.6348801 
6358857 
.6368889 
6378898 
.638888z 


3-6408788 
6418705 
6428601 
6438473 
«6448 323 
6458151 
6467957 


| Num 5 6 8 =— 
497 | 3-6101276] 3.6102342[3.6103407| 3-6104472 | 3.6105537 
408] ,6111921| .f12984| 6114046] 6115109 | 6116171 
4929] .6122539}] .6123599| .6124660} .6125720| 6126779 
410] .6133132| .6134189| ,6135147| 6136304} ,6137361 
411] .6143698| .6144754| .6145809| .6146863 | .6147918 
412] .6154240| -6155292| .6156345| 6157397| 6158449 
413] 3.6164755|3-616580F | 3.616685F | 3-6167905 3.616895 4 
414] .6175245| 6176293] .6177340| -6178387| 6179434 
4ls| .6185710| .6186755| 6187800] -.6188845 | .6189889 
416] .6196150| .6197193Þ] .6198235| .6199277| .6200319 
417] .6206565| 6207605] 6208645 | .6209684! 6210724 
418] .6216955| .6217992| ,6219930| .6220067| 6221104 
419] 3-622 7320| 3.6228355[3-6229390 |3-6230424 3-6231459 
420] .6237660| 6238693] 6239725 | 6240757 | 6241789 
421] .6247976| .6249006 *6250036| ,6251066| ,6252095 
422 6258267 6259295] -6260322| .6261350 6262377 
423] -6268534] .6269559] .6270585| .6271610| 6272634 
424 .62178777] .6279800| .6280823| .6281845| .6282867 | 
425 | 3-6288996] 3.6290016[3.6291036 3-6292057 | 3.629307 6 
426] ,6299190| .6300208| ,6301226| +6302244| 46393262 
427] .6399361] .6310377] ,6311392| -6312408| 6313423 
428] .6319508\| .6320522] ,6321535| 6322548] .6323560 
429| 6329632] .6330643| .633x653| -6332664| .6333674 
430] 6339732 -6340740 .6341749| 6342757 -6343765 
431] 3-6349808| 3.6350814}] 3.635 1800] 3-6352826| 3.6353832 
432] .6359861| .636c865| .,6361869| .6362872| .6363870 þ 
433] -6369891| .6370893| .6371894|] -6372895| 6373896 
434] -6379898| .6380897] .6381896| .6382895| 6383894 
435 | .6389882| .6390879| 6391876] .6392872| .6393869 
_436 6399842 .6400837 6401832 -6402826 | -6403820 
437|3-6409781] 3.6410773|3.6411765|3.6412758|3-6413749 
435| .6419696| .6420686| .6421676| .6422666| .6423656 
439| 6429589] .6430577| .6431565| -6432552| 6433540 ] 
440| -6439459| -044©445| -6441430| +6442416| 6443401 
441] .6449307| .6450291| .6451274| .6452257| 6453240 
442| .6459133| 6460114] 6461095 | .6462076| 6463057 , 
443 .6468936| .6469915) 6470894] 6471873] 6472851} 


0 0 


—  ———— 


—_— 


Num \ 0 I WOES... 3 
+44 | 3.6473830 | 3.6474808 3-6475785 | 3.6476763 | 3.6477 749 
445 | 6483699| .6484570] 6485552] 6486527| ,6487502 
| 446 | .6493249| +6494z322] -6495296] .6496269| 6497242 
7 .65030975| 6594947] 65go50I8] S5ogp8g| 6506960 
448] .6512789| 6513749] 6514719] .6515687| 65156656 
449 6522463; .6523430 6524397 6525364 6526331 
459 !3.6532125 | 3.653 3990] 3-6534955 | 3-65 35019 | 3-65 35984 
451} 6541765} 6542728] 6543691] 6544653 | 6545616 
452] .$551384! 6552345] +6553326]| 6554266] 6555226 
453} .6560982 } 6561941] 6562899] 6563857] 6564815 
454! .6572559| 6571515] 6572471] 6573427] 6574383 
455j .S5SOrr4! S58ro68] 6582023] 6582976] .6583930 
450 |3-6589648 | 3.6590601f 3.559155 3] 3.6592505 (4.059 3456 
457 | .6599162| 6600112 .6601062 | ,6$602012| .6602962 
458] .6608655| 6629603] S61955r] 6611499 6612446 
459} 6618127] 6619073] 6620019] 6620964 | 6621910 
460 .6627578| 6628522| 6629466} 6630410} 6631353 
461] .6637009| 6637951] 6638893] 6639835] 6640776 
462| 3.6646420 | 3.6647 360] 3.6648299 | 3.0649239 | 3-6650178 
463] .6655810| 6656748] 6657685} 6658623] S659560 
464] 6665180} .6666116} 6667051] 6667987] 6668922 
465] .6674530| 6675463 -6676397| 6677331] 6678264 
466| 6683859] .6684z9x} 6685723} 6686654] 687585 
467] .6693169| 6694099] 6695028} 6695958] 6696887 
468] 23.6792459 | 3-6793386] 3.6704314 | 3.6705242| 3.6706169 
469] 6711728; .6712654| 6713580] .6714506| 6715431 
470| 6729979] 6721903} 6722826] 6723750} 672467; 
471] 6735209} .673Irgi] 0732053] 6732974} 6733896 
472; 6739420 6740340] 6741260] .6742179| 6743099 
473] 6748611} 6749529] 6750447] 6751365 625228} 
474 | 3.6757783| 3.67538700]3.6759615|3.67605311 3.676144 
475 | 6766936| 6767850] .6768764| ,6769678| .6770597 
476 | .6776069| .6-76982| 6777894| 6778806] 6770718 
477 | 6785184] .6786094] .6787004| .6787914| 6788824 
478] 6704279 6795187 .6796c96| .6797004| .,679791* 
479 | 6893355 | .6804262| 6805168] 6806074] .68069% 
4801 .6812412 6813317 6814222 .G815126| 681603 


nn I I 


(vu _ HW BY - SH =_ TOE 
nk 3.6479695| 3.6480671 | 3.6481648 | 3.6482624 
6488477 | .6489452| .6490426} .6491401| 6492375 
.6498215| .6499187 .6599160| «GFOII32} 6592104 
.6507930| .65z08901] .65go0987I] 6510841] G511811 
6517624! .6518593] .o5i956L1] .6520528| 6521496 
6527297] 6528263 6529229 6530195 «G653116c 

2} 3-6536948| 3.6537912| 3.65 38876 | 2.65 39839 | 3.6540802 
6545578] 6547539] -65435I| .6549462| .6559423 
-6556186| 6557145] 6558105] .6559064| 6560023 
6565773] .6566730| 6567688] 6568645 | 6569602 
.6575339| .5576294| 6577250 6578205 | 6579159 
.6584884] .6585837| 65367290 6587743 .65 88696 
3-6594408| 3-6595359 | 3-6596310 3-6597261|3.6598212 | 
.6603911|] .6604860| .6605809] .6606758| 6607706 
6613393] .6514340| .6515287] .6616234| 6617181 
.6622855] .66235800] .6624745 | .6625690| 6626634 
.6632296| .6633239| 6634182] .6635125| 6636067 
.6641717] -6642658] .6643599] .6644539| .664548c 
3-665 1117] 3.6652056| 3.6652995 | 3.6653933| 3.6654872 
.6660497| .6661434| .6662371] .6663307| 6664244 
.6669857| .6670792| 6671727] .6672661| 6673595 
.6C79197] .6680130| .6681062| .6681995| .6682927 
.6688516] ,6589447| .6690378] .6691308| 5492239 
.6697816] ,6698745] 6699674} .6700602| .670153C 
3.6707096 | 3.67c8023 | 3.6708950 | 3.6709876| 3.67 10502 
.6716356| .6717281}) .6718206] .g719130| 6720054 
6725596] 6726519! 6727442] .6728365| 6729287 
.6734817| .6735738| 6736659] -6737579| .673850c 
6744018] .6744937| 6745856] 6746775] 6747693 
.675 3200| .6754117| .6755034|] 6755951! 6756867 
3.6762362| 3.6763277 | 3-6764192| 3.676510 10713, 6766022 
6771505 | 6772418] 6773332] 46774244| 46775157 
6780629 | .6781540| -6782452|] .6783362| 6784273 
.6789734| 6790643} «6791552| .6792461| 6793370; 
.6798819| 6799727} 6800634] .6801541| 6502449 
.6907886| .6808>92! 6809697] .6810602}| 6811507 
| 6816934] .6817838 .68187411 6819645) .6820548 


CE — 


OO2Z 


— 
Wn Ln] in| | i 
481]3.6821451] 3.6822354 | 3.6823256| 3.6824159 
482| .6830470| 6831371 .6832272] ,6833173 
483] .6839471| 6849370] 65841269] 6842168 
484] .6843454] 6849351] .68502458| 6851145 

$8 | .6857417| 6858313 63859298 | 6860103 
486| ,6866363] .5857256| .6868149] .,6869043 
487 | 3.6875290[3-6876181 | 3.6877073| 3.6877964 
488] .6884198| .6885088| .6885978] .6886867 
489| .6893089| .6893977 .6894864| 6895752 
490| .6g01961] .6902847| 6993733 | 6904619 
491] ,6910815| .6g11699] .6912584| .6913468 
492} 691965} .6920534| 6921416] .6922298 
4931 3.6928469 | 36929350 | 3-6930231| 396931111 
494] .6937269]| 6938148] 6939027] 6939906 
495} .6946052| .6946929| .6947806| 6948683 
496| .6954817] .6955692| 69565658] .6957443 
497] .6963564| .6964438 G965311] 6966185 
498] .6972293| .6973165| 6974037] .6974909 
499] 3.6981005 | 3.6981876] 3.6982746 | 3.6983616 
500{ 6989700] ,6990569| 6991437] 6992305 
FfoOIj 6998377] 6999244 | -7000ILL| 7000977 
502] .;027037| ,7007902| .7008767| .7009632 
503] .z015680| .7016543| 7017406] .7018269 
504| .7924305| .7025167| .7026028| .7026890 
5051 3.7932914|3-7033774 | 3-7934633 | 3-7035493 
F06| .,704150F| .7942363| +47043221] .704407d 
507] .7050080| .,7050936| .7951792| .z052649 
go8| .z058637| .7959492| .7060347| .7061201 
509| .7067178] .,7068039| .70638884| .7069737 
Fico| .;075702| 7076553 | .7077405| .7078256 

'F11]3.7084209| 3.7085059 [3.7055908] 3,7086758 
512| .7092700| .7093545] .7094396| .7095244 
Fl3] .7101174| .7102020| .7102866| ,->103713 
Fi4] .7loy63i] .7110476} .7111321} .2112165 
Fis| .71i8072Þ 7118915] 7119759] .,712060L 
516] .7126497] .7127339| .7128180{ ,2129021 
F17! ,7Z7I3490F} +7135745 7136585] 7137425 


——— 


3-6825061 
6834073 
6843066 
6852041 
6860998 
.6869936 

3-6878855 
6887757 
.6896640 
6905505 
6914352 
6923189 

3.6931991 
.6940785 
6949560 
6958318 
6967058 
.6975 780 


3-6984485 
993173 
7001843 
-7OIO496 
+JOI9 132 
*ZOZ7ZFIl 


3-7036352 
7044937 


»705 3505 
«7062055 


.7270589 
.7279107 
3.708607 
+7096091 
7104559 
»711301C 
7121444 
«7129862 
7138904 


_— 


Num -M $- I. 8 
: 481 | 3.6825963 | 3.6826865 | 3.6827766 3.6828668| 3.6829569 
7 482] .6834973] 6835873] .6836773] .6837673| 6838572. 
| 483] .6843965| 6844863] .6845761] 6846659 | .6847556 
484| .6852938| .6853834} .6854730] 6855626 | 6856522 
485 | .6361892| ,6862787] .,6363681] .6864575| 6865469 
486 | .6859828| .6871721] .6872613] 5873506| 6874398 
487 | 3.6879746| 3.6880637| 3.6881528] 3.6882418| 3.6883308 
488 | .6888646|; .6889535] .6890423] .6891312| .6892200 
489 | .6897527| 6898414] .6399301| ,6900188| .6901074 
490] .6906390| 6907275] 6908161] ,6909046| 6909930 
491] .6915235| .6916119] .6917002| ,6917885| 6918768 
492| .6924062| .6924944| .6925826| .6926707| .6927588 
493 | 3-6932872 | 3.6933752] 3-6934631| 3.6935511 3-6936390 | 
494] -6941663| .6942541] ,69434i9| .6944297| 6945174 
494] 6950437 | -6951313] 6952189 6953065 | 6953941 
496] .6959193| ,6960067] ,6960942| ,6961816| 6962690 | 
497 | -6967931] .6968804| ,6969676} .6970549| 6971421 
498] .6976652| 6977523] 6978394] .6979264 *6o80135 
499 | 3-6985 355 | 3-6986224| 3.6987093 | 3.6987963 | 3.698883 1 
500] .6994041|] .6994908S| 6995776] .6996643| .6997510 
fol | .7002709|] .7003575} .7004441] .7005307| 7006172 
502] .7011361| .7012225| .7013089| .7013953| ..7014816 
503] .7019995| .7020857] .7021719] .7022582| .7023444 
504| -7028612| .7029472] .7030333.] .7031193| .7032054 
505 [3-7037212] 3.-7038071| 3.703 8929 | 3.7039788| 3.7040647 
506 | .7045794] 7046652] .7047509| 7048366] ,7049223 
597] .7054360] .7055216| .7056072| .7056927 |. .705 7782 
50S] .7062910] .7063764] .7064617|] .7065471| ,7066324 
509 | 7971442 072804] »7073146] -7073998| .z074850 
Floſ .7079957] .7980808| .7081659|] .7082509| .7083359 
ſil] 3.7088456] 3.7089305| 3.7090154| 3.7091003 | 3-70gI85 1 
gi2] .7096939] .7097786{ .7098633| .7099480| .7100327 
Fi3] .7105404] .7106250{ 7107096] .,7107941| «7108786 
514] 71135854] 7114698} .7115542| .7116385| .7117229 
Fig] .7122287] 71231291 .,7123971]| .7124813| 7125655 
= .7130703] 7131544] .7132385| .7133225| .7134065 
.2139104} .7139943\ .7140782 | .7141620] .2142459 


—_ 


—_— - 


WOO OS AS <—_— ww to _ FEY is 
> " a ” 
- - - P OT 
p _ - 


—— 


| Num © | I 2 { 3 = 
TTi 1.714.3298| 3,7144136 3-7 144974; 3.7145812|3,7146650 
519 Jt51674} e71525I0] 7153347 7154183] .,7i5foLy 
$29| ,751600331 .7160869| 7161703 | ,7162538| 7163373 
$21] ,7168;77| .7169211| ,717994þ{ -7170377| JL717 i 
F22; .7176705| 7177537 71783609 | 71792004 7180032 
523. 7185017 TiBgS47 719667 7 7887507 *7 7188. 37 
524 | 3-7193313| 2-7194142|3.7194970 3-7195799 1! 3-7 199627 
F25| .7201593| .,7202429| ,7203247 | 7204074 72 1490 1 
F26| 7299857] ,7210683| 721150d; .7212334| 7213159 
527| .7218106| ,q7218930| q5219754i ,7220578| 7221401 
528] .7226339| .7227162| .7227984} .7228806| 7229628 
529| 7234557 7235378 7236198 | 7237019 7237839 
539 | 37242759 | 3-7243578| 3-7244397 | 3-7245216|3.7-46035 
g31| .7250945| 7251763 T252581| 9253398] 7254215 
532| .7259116| .7259933| -7260749| .7261565| 7526238 
$33] .7267272| .7268087| ,7268901| 7269716] 7270531 
534] 7275413] .7276226| 7277039] 7277852] 7278664. 
535 | 7283535] 7284349 |_-7285161] 7285972] 7286784 
536] 3.,7291648| 3.7292458| 3.7293268| 3.7294078|3.7294888 
537| -7299743| 7309551] 7301360| .7302168| 7392977 
538] .7397823| .7308630| .,7309437| .7310244| 731105 1 
539] 7315888] .7316693] .7317499| 7315304] .7319109 
540] .7323938] 7324742] 7325546} 7326350| 47327153 
$4] -7331973] -7332775| -7333578| -7334380} 7335182 
542 | 3-7339993| 3-7349794|3-7341595 [3:7342396| 37343197 
543] 7347998] -7348798] .7349598| 7350397] 7351196 
| $44] -7355939| -7356737| 7357585] 7355383] 7359181 
$45| -7353965] -7364762| .7365555| -7366355| 7367151 
$45 | -7371926]| -7372722| 7373517 | 7374312] .7375107 
| $47] 7379873] 7380667 7381461 | 7382254 7383048 
| 548|3-7387806|3.7388595 |3.738939013.7390182|3.7390974 
549 | 7395723] 7396514] .7397325| 7398096] .7398886 
| $50] 7403627] 47304416] ,7405206| .7405995| 7406784 
| 551] .7411F16| .7412304| .7413092| .7413880| 7414668 
F52 | -7419391] +7420177| 7420964] .7421750 7422537 
| FFI | .7427251| 7428037 _enns; 7429607] ,7430392 
554" 74350981 .743588] .,7436665! .7437449} 7438232 


32) 


| 205: BO WT BOG $055 NT 0s ARE es 
FI8 [3.7147488| 37145325 | 3-7149162| 3,7 150000 | 3.7150837 
Fig| 7155856] .7156691 | 7157527] 7158363 | 7159198 
$20] 7164207] 7165042 | 7165876| ,7166710| 7167544 
g21] 7172543] 7173376 | .7174208| 7175041| .7175873 
F22| 7180863] 7181694 | -7182525| -7183356| 7184186 
23] .7189167] 7189996 | 7190826j 7191655 | 7192484 
$-7197455 3.7 198233 [3.7199111| 3.7199938 | 3-7200766 
g25| .7205727| 7206554 | 7207380}; 7203206 | 7209032 
526] .7213984| 7214809 | 7215633| -7215458| 7217282 
27] .7222225| 7223048 | 7223871] 7224694 | 7225517 
528] ,7230450| 7231272 | .7232093] +7232914| 7233736 
529] 7238660] .7239480 | 7240300] 7241120| 7241939 
530 | 3.7246854 | 3-7247672 |3.7248491| 3.7249309 | 3-7250127 
F311] ,7255033| 7255850 | 7256667| 7257483} .7258300 
532] .7263196| .7264012 | .7264327| -7265642| 7266457 
$33] -7271344| 7272158 | .7272972| -7273786| 7274599 
34] -7279477| 7250290 | 7281101] -7281914| 7282726 
$35] 7287595 | 7288406 | 7289216] .7290027| 7290838 
536] 3-7295697 | 3.7296507 |3-7297316| 3.7298125 | 3.72989 34 
537] -7393785| 7304593 | 7395400] .7306208| 7307015 
538] 7311857] 7312663 | .7313470| .7314276| 7315082 
F39] -7319914} 7320719] ./321524| .7322329| .7323133 
542] -7327957} 7326760 | .7329564| 7330367| 7331170 
541] ..7325985| 7336787 | 7337588 _+7339390 of ZZDuDT 


$-7343997 | 3-7344798|3-7345598$| 3-7346398[3.7347198 
$43} +735 1995] 7352794] 7353593] 57354392] 73F5FI91 
544] 7359979} .7360776| 7361574] 7362371] .7363168 
545} 7367945 7365744| -7369540| +7370335]| 7371131 
546} 7375902] 7376096} ./377491 7378285| 7379079 
547] 7383841 7384634 73 85427 .7386220| 7387013 


c— —_— —— O_o yo ow 
548] 3.7391766| 3.739255 | 3-739335013-7394141|3-7394932 | 
549| 7399677] 7492467 | 7401257] 7402047 | 7402837 
550] 7497573] 7408362} 7409151] 7409939 | 7410728 | 
55r} 07415455] 7410243 | 7417030] 7417017] 7418694 
552| 7423323] 7424109 | 7424895] ,7425680| ,7426466 
553] 7431376] 7431661 | 7432745] 7433539] 7434314 
554] 74390150 7439799 | 74405821 474413651 ,7442147 


- 
Ms 
+ 


; 


9 


_ 

+ 
4 
as 


ws 
* + I. ow” 


— 


—— 


[Nawj ej tj 2 i—j + 
555 [37442930] 3-7443712| 37444495 | 3-7445277 | 3-7446059 
556 | .7450748| 7451529 | 7452310 | 7453991 | 7453871 
557 | 7458552] 7459332] 7460111 | 7460890] ,7461670 
558] .7466342| 7467120 7467898] .7468676| .7469454 
559! 7474118] 7474395] 7475672 $7476443%| 7477225 
560| .7481880| .7482656| 7483431] 7454206 7484981 
561] 3.7489629| 37499493 | 3-749 1177 | 3-749 1950] 5-749 2724 
562] .7497363| -7498136| 7498909 7499681] 7500453 
563| 7505084| 7505855 | 7506626] 7507398] 7508168 
564| -7512791| 7513561] 7514331] 7515100] 7515870 
565 | .7520484| 7521253| ,7522022| 7522790] 7523558 
566| .7528164| 7528932} .7529699] 75309466] 7531232 
567 | 3-7535831 | 3-7535596 | 3.7537362| 3-75 38128] 3-75 3959 3 
568| 7543483 | 7544248] 7545212] 7545777] 7546541 
569 | .755iiz3| 7551886] 7552649| 7553412] 7554175 
$70| 7558749| 7559510] 7560272] .7561034| ..7561795 
571] ,756636r| .7567122| .7567882| .7568642| 7569402 
572] .7573960| 7574719] 7575479| -7576237| 7576996 
573] 3-7581546| 3-7582304 [3.75$3962|3-7583819] 3.758457 
$74| 7589119| 7589875 | 7592632] -7591388| 7592144 
575 | -7596678| 7597434] 7598189] -7593944| 7599699 
5$76| 7604225| -7694979| 7605733 .7606486| 47607240 
577| 7611758] .7612511] 7613263] .7614016 7614768 
578| .7619278| 7620030] .7620781| .7521532| 7622283 
579 | 3.7626786| 3-7627536|3-7628286 | 3.7629035 | 3.762975 
580] .7634280| -7635029| -7635777| -7636526| 7627274 
581] .7641761| 7642509 | -7643256| 7644003 | 7644750 
582| .7649230| 7649976] 7650722] 7651468] .7652214 
583] .7656686| 7657430] 7658175] 7658920] .7659664 
584] .7664128| .7664872] .7665616| .7666359] 7667102 
| FS5 3-7671559 3-7672301 3-7673043 3.76737b5 37674527 
586] .7678976| .7679717] -7680458| .7681199 7681940 
| 58>] ,7686381| .7687121] -7687860} .7688600| .7689339 
588] .7693773| 7694512] -7695250| 7695988| 7696727 
589 «JJOLIF3 7701890] 7702627] 7703364] 7704101 
590 | .7708520| 7709256] 7709992| .7710728| 7711463 
"I 7715875! 77166101 7717344 7718079 7718813 


| 


4.35 7 2 8 —| 9 
3-7445841 | 3.7447622 | 3.7448494 | 37449 185 | 37449967 
7454552] 7455432 \ 24 EW e7456992| 7457772 
7462449 7463228 | 7464906] 7464785 7465564 
7479232] .7471009| 7471787} 7472564; .7473341 
$7479001] .7479777 | 7479553 | 7480329 | 2481105 
7435 756] 7486531 7487305 $748 $080 7488854 
37493498] 3.7494271 |3.749524+| 3.7495817 | 37496590 

7301225] 7591997 | .7592769| .750354E| ,7504312 
7593939] .7599710| 7510489] ,qFii2gi} ,v512021 
7516639] .7517409 | \,75 18175] ,7515947| 7519716 
.7524326| .7525094| .7525862| ,7526629| ,7527397 
7531999 | 7532766 | 7533532] 7534292; 7535065 
3-75 39659 [3-7542424 | 3.7541 139} 3.7541954 | 3-7542719 
7547305 | .7548269 | 7548832] ,7549596| 7559359 
7554937] 7555700 | 7556462] .7557224| 7557987 
7362556 | 7563315 | ,75649279| .7564340| .7565600 
7579162] 97570922 | ,7571682| 7572441] 7573201 
7577755 7573513 | .7579272| 7580030] . 7580 788 
3-75 $5334 | 3.7586091 | z.7586845| 3.75 87605 37588362 
7592900} ,7593656 | ,7594412| ,7595168| ,7595923 
75920453 | 7601208 | 7601962] 7602717] 7603471 
.7607993| 97608746 | 7609509] q610253] ,761100 
_ 7616272 | ,7617024| 7617775] 7618527 
7623934! 7623734] .7624535] .7625285| 7626035 
3-76395 34] 3-7631254 | 3.7632033| 3.-7632782 3-7633531 
7638022 | 7638770] 7639518] ,7640266| 7641014 
7645497 | .7646244 | .7646991] .7647737| 7648484 
7652959 | 7653705 | 7654450] 7655195] 7655941 
7660409} .7661153| 7661897] 7662641] 7663 385 
7667 345 | 7668588 7669331 76 70074 7670816 
$85 | 37675269 | 3.7676011 7670701 2:9072404 3.767235 
7682 chun 70m 7684161] 7684901] 7685641 
| 7690079| 76908181] 7691557] 7692296] 7693035 
7697465] 7698203 | .7698940| ,769967S] 7700416 
77048338] 7705575 | 7706311] 7707048] 7707784 
7712199] 7712934 —_—_— 7 714405| 7715140 
7719547 7720282 | ,7721016| .77217501 772248; 


p p 


627! 


628 


O | I 2 3 
3.7723217 3+7723951| 3.7724604 3.7725417 
177 39547| +7731279| «]73201ILi 7732743 
$7737864| .7738596}| 7739326 | 7742057 
7745170| 7745899 | 7746629 .7747359 
7752463} 7753191} .7753920 | .77546486 
.7759743| 7760471 7761196, 7761925 
3.7767012 | 3-7767738 | 3.7768464 | 3.776919c 
$7774208| 7774993 27775718, 27776443 
.7781513| 7782236 .7782960| .7783683 
7788745 | .7789467| .7790190|{ .7790912 
.7795965 | .7796686| .7797405S} .,7798129 
$0317} .2803893]} .7804613| .78c5333 
3.78$10369 3.7311088| 3.75 11907 | 3.7S12526 
7817554 7818272 .7818989| ,7819707 
.7$24726| .7825443}] .73826159| .7826876 
.7$31887| .7832602| .7833318| .7834033 
.7$39036| .7839750| .784-464| .7841178 
.7846173| .73846886| .7847599| .7848312 
3.7853298| 3.7854010| 3.7854722| 3.78554 34 
.7860412| .7861123| .7861833} .7862544 
.7867514| 78658224 7868933] .7869643 
.7874605| 7875313] .7876021| 7876730 | 
.2$881648| .7882391| .78830981| .7883805 
7888-51] .7880457]| .7892163| .7$90869 
3.7 895807 | 3.7896512|3.7897217 |3.7897922 
.2902852| .7903555 | -7904259 | 7904663 
.79009885 | .7910587| .7911290, .7911992 
.791690C| .7917608| .7918309} .7919011 
.7923917| .7924617 7925318} ,7926018 
-79 309161 ,703161IF| .7932314; .7933014 
3-7937904|3.79396C2 | 3-7939300 3-79 39998 
7944880} .7945578| .7946274| 7940971 
.7951846| 7952542 |..7953233| 7953933 
,79588cc| .7959495| 7960190; .7960884 
.7965743] .7966437| 7967131] .7967824 
$7972675| .7973368} .7974060} .7974753 
2979596! .72980288 7980979! «7081G71 


_ "mY 
3-7726150 
7733475 
+27 740788 
+7 748088 


3-7769916 
7777167 
»7784407 
7791634 
.77958850 
.280605 2 


3.7513245 
$7 820424 
.7827592 
7834748 
.7841892 
2849024 

3.7856145 

7863254 

.7870352 

.7077438 

.7384512 

7391575 

3-7898626 
«7905666 
.729126g5 
*ADIO712 
:7926718 
.7033712 


.7940696 
+794766d 
«7054629 
7961578 
7968517 
[975445 
27932362 | 


LV) 


Num 5 6 bl 9 
Fy213.7726884| 3.7727616 |} 3.772349 | 3.7729082 | 37729814 
593} 7734297] 7734939] 7735670 | 7736402] 7737133 
$94| 7741519] 7742249 | 7742979 | 47743710] 7744440 
595| 7748318] 7749547] -7759276| 7751005] 7751734 
596; .7756104| .7756832 .7757560| 7758288] 7759016 
$97| +7763379| 47704106 | 7764533 7765559} 7766286 
59d | 3.7770642| 3-7771367 {3-77 72093 | 3-7772818| 3.7773543 
599] -7777892| 7778616] 7779349] 7780065] 7780789 
600| 778513 7785853] -7786576| .7737299| 7758022 
601} +7792356| 7793070] .7793800| .7794522|] 7795243 
602] .77299571| 7800291] 7801012} 7801732] 7802453 
603] 73806773 78 "4921 TS08212} J8:3931] 75909650 
604 | 3.7813963| 3.781.681} 3-7$15429| 3-7816118 3-7816836 
605 | .7821141 rad -$22576| .7823293|- 7924010 
606| .7828308] 58290241 5529740] 78329456} Jo31L071 
607] .7835463| 7836178] 7836892} 7837607] 7539321 
608] ,7842606| .7843319] -78440233| -7344746| -7845460 
_609 7849737] 7850450] 7851162] .7851874| 7852586 
610] 3.7$56857| 3.7857568 |z3.7858279 | 3.785 8990} 3-7859701 
611] .7863965| 7364675] 7365385] 7866095] 7566805 
612] ,7871061| 5871770] 7872479} .7873188| 7373896 
613] .7878146| 7878853] .7879561]| 7880269] 7880976 
614] .7885219| .7585926| ,7586632| 7807339 7888045 
G15} .7892281}] ,7892986 7893691 7894397] 7895102 | 
616|3,7899331| 3.7900035 3-7900739 | 3-7991444 | 3.7902148 
617j ,7906370| .9907073 | 7997776| .7908479| 979091092 
618 7913397] .7914099 7914801} 7915503 7916205 
619] .7920413] .7921114| .7921815| .7922516| .7923216 
620] 7927418] .7928118] 7928817] 7929517] .7930217 
G21 024411] .793Fiiof] 7935809} . 7936507} 7937206 
622|3.7941394| 3.7942091] 3.7942 759 3-79 43486 3-7944183 
623| .79493365| 7949061] .7949757| .79502454| J9FIIFC 
624] ,7955324| .7956020] 7956715 | .7957410| 7958105 
625] .7962273| 7962967] .7963662] 7964356} .79650F0 | 
626] 7969211 7969904] .7979597| 7971290 797198? 
627] ,7976137| 7976829] 7977521] 7973213] 7979905 

| 628! 7983053! 79837441 .7984435 | 795525 7985816 | 


F 


PP 2 


| Num O 
629 | 2.7986506 
630| .799349%5 
| 631| .,$020294 
632| .800717L 
633| .8914037 
624 | .8920893 
635 | 3.8027737 
636] ,8034571 
637] .$041394 
638] ,$8948207 
639 | .g055009 
640| .$261800 
641 | 3.8068580 
642] ,$075350 
643] .$082110 
644 | .$288859 
645 | 8095597 
646 | .$102325 
647 | 3.3109043 
648] .$115750 
649| 8122447 
650] .$129134 
651] .$135810 
654| 8142476 
653|3-5149132 
654] 8155777 
655] 8162413 
656] .$169038 
657] 8175654 
658] .$182259 
659| 3.58188854 
660] .8195439 
661] ,8202015 
662] ,$208580 
_ $215135 
664} .$221681 
665] .$228216 


I 


3-7987197 
7994095 
.8000982 
.8ooz858 
801472} 
$o21578 


3-$028421 
8935254 
242076 
8048887 
Yo55688 
.$262478 
3.8269258 
.$07602 7 
8282785 
.$089533 
$0596270 
.$102997 
3-8IC9714 
$116420 
9123116 
.$129802 
8136477 
8143142 
3.814979 7 
$156441 
8163076 
.$169700 
8176315 
-$182919 
3-8189513 
.$196097 
8202672 
.$209236 
8215790 
8222335 


— 


.$228869 


= Wi . 2 
3.7987887 | 3.79885 77] 3.7989267 
79947 84| 7995473] 7996162 
.$001670| ,$g002350| .Y0030.46 
.Yoo08545 | ,8009232| YoOgg9 19 
015409 | .8016095| 8916751 
.$022262 | ,$022947| 5023632 
3.802910g5 | 3.8029 789 | 3.8930472 
.$035937| $036619| 8537302 
8042758] .$043439] 8044121 
.$549568] ,$8250248] .$050929 
8256368] .8957047] 8257726 
8263157 8263335 8064513 
3.82699 35 | 3.870612] 3.8071290 
8576703] .$077379| 8078055 
.$583460| .$084136| 8084811 
.8290207} ,$og0881| .8ogigy5y 
.$296944| .$297617] .$:98290 
.$103670| .$104342] .8$105013 
3-$110385| 3.1111056| 3.8111727 
.$117090| .8117760| .8118430 
8123785] .$124454| 8125123 
.8130470| .$131138] 8131805 
.$137144| 3137811] .$138478 
.$143808 -$144474 -$145 140 
3-8150462| 3.5151127]| 3.8151791 
8157105] 8157769] 8158433 
.$163739]| .$164402| .$165064 
.$170362| ,$171024] .8x71686 
.$176976 .8177636] .$178297 
Si83579] .$184239] .$184898 
3-8190172|3.8190831| 3.8191489 
$196755| 8197413] .3198071 
.$203328| ,8203985 8204647 
$209892| ,$8210548| .$8211203 
.$216445| 8217100] $217755 
.$222989| .8223643|] .$224296 
$229522| 8230175 8230828 { 


Nun | w 2 AE > A =—_ 
629 |3.798995713-7999647| 3.79913 37 | 3.7992027 | 3.7992716 
630| 7996851] .7997549| 7998228] .7998917| .799960F5 
631] .8023734\ .80904421| 8005109] 8005 796| Boobg84 
632| ,8010605| .8011292| 8911978] 8012665 | 8013351 
633\ .8917466| $018152| 8018837] $019522| .$020208 
634] 8924316] ,$025001| $025685] $026369| 802705 3 
635| 3.803115613.8031839| 3.8032522] 3.8033305 | 3,803 3888 
636| ,8037984| .8038666| ,8039348] 8040031] ,8040712 
637] .804z802] 8045483] .$8046164| .$8046845 | .$047526 
628| ,8o51609] .,8252289| .8052969| 8053649| 8054329 
629] 8058405] $559085| 8259763] .$8060442| 8061121 
6409, 865191] .8265869| 8266547] .$067225| .,$067903 
641| 3.8071967|3.8072643 | 3.8073320| 3.8073997 | 3.8974674 
642| 8078731] 8279407 | 8080083] 8080759! ,$081434 
643] 8085485] ,8256160| 8086835 | 8087510] .$8088184 
644| .$092229| .8292903| 8093577 $094250| .8094924 
645| .$098962| 8099635 | 8100308] .$100980| .$101653 
646| ,$105685| ,$8106357| ,$107029] ,$107700| $108371 
647| 3.8112399|3.8113068|3.8113739| 3.8114409| 3.8115080 
648] .$119100| .,$119769]| ,8120439| .$121108| ,$121778 
649| $125792| .$126460| .$127129| ,$127797| .$128465 
650] 8132473] ,$133141| .3133808| 8134475] 8135143 
651| .$139144j .$139811| .$140477| .$141144}] .$141810 
652| .$145805] .$146471| .5147136| ,$147801| 8148467 
653] 3.8152456|z3.8153120|3.8153785 | 3.8154449| 3.8155113 
654] .$1590996| .$159760| .$160423] .,$8161087| .$8161750 
655| 8165727] .$166389] ,$167052| ,$167714| .$168376 
656| .$172347| .$173009| 8173670] .$174331| 8174993 
657] $178958] 8179618] 3180278] .$180939] $18x599 
658| 8185558] .$186217| .31868>7| .$187536| .$188195 
659| 3.38192148|3.8192806|3.8193465 | 3.8194123 | 3.819471 
660] .8198728] ,$199386] .8200043| 8200700] .$201358 
661| .$8205298| .8205955| 8206611] ,$207268] .$8207924 
662| 8211859] .$212514| .$213170| 8213825] .$214480 
663] .8218409| .8219064| .8219718] .$8220372]| ,$221027 
o— .$224950] .$225603| .$226257} .$226910] 8227563 
665 | .$2314811 ,$232133 $232786| $233438| .$234090 


” 


Num| O I 2 
666| 3.8235742| 3.8235 394 | 3.$236046 | 3.823669 8 
667| .,$241258} .,$8241909| .$242560] .$243211 
668| .8247765! .,$248415 | .$8249065| .$249715! 
669] 8254261} ,$254910| 8255559 | .$256208 
670| .,5260748} .$261396| .$262044| .$262692 
671] $2672 225 | $267872| 8268519 | .$269166 
672] 3.5273693 | 3.8274339 | 3.8274985 | 3-8275631 
6731 ,82801i5r] .$8282796| .$281441 | .$282086 
674i .5286599| 8287243 | .$287887 | .$8288532 
675] .$293038 <2 joey .$294324| 5294967 
676 3299467 8300109} ,8300752| 8301394 
677] 305887 $396528/ .5207 160 | S2078T1 
678| 3.8312297 383129375! 3.8313578! 3:83 14218 
679] .$8318698| .$319337} .$319977| _ 
680] .8325089| .$325728! ,$8326366| 8327005 
681] .$331471 $332109| 3 332746 | S333384 
682| .$8337844| .$338480 $339117| $339754 
_683] .$344207] .$3448$43! 5345479 { $346114 
684|3.$350561| 3.8351196 | 3.835181 | 3.8352465 
685| .$8356906! .$357540 8358174 8358807 
686| .$8363241| .$363874| .$364507| .5365140 
687] .$369567| .$8370199| 8370832} $371463 
688] .$375884| .$376516 8377147 | $377778 
689] .$382192{ .$382822 383453 | +5294 $284083 
690; 3.83 88491] 3.8389120! 3.83897 $01 4-2000 2379 
691] .$3947801 8395409] .$396037| .$396666 
692] .$8401061|] .$401688 ers! .$402943 
693\ 8407332] .$407959 $4085$6! ,$429212 
694| 8413595 | -$414220| .5414846| .$415472 
695] .$419848] .$420473] .5421c Ky $421 722 
6961 3.8426092| 3.5426716| 3.8427340 | 3.5427964 | 
697] .$432328} .5432951} .5433574| .$434197 
698] 8438554] .$439176] .5439798| .$440420 
699] .$444772| 5445393] .5446014| .5446635 
720] $450980} 8451601] S452221| 3452841 
»-11 ,$8457180| 8457800] .58458419| 5459038 
702] $463371] .$463990] ,$464608| 8465227 


3.84285 88 


_— 
3.8237350 
.$243862 
5250364 
.$256857 
5263340 
8269813 
3.5827 6277 
$282731 
$289 176 
S295611 
$302036 
83C 15305452 
38314858 
321255 
5327643 
$334021 
3349390 
$24675c 
3-535 3100 
5359441 
365773 
8372095 
$37840 9 
3334713 
3.839100 
-$397294 
$403571 
.$409838 
541609 > | 
0422347 


-54348$19 
+$441042 
.$447256 
5453461 
3459658 
$46 5845 | 


| Num| 5 6 7 bs) bY 9 
666 | 3.8238002| 3.823865 31 3.8239305 |3.8239956| 3.8240607 
667] .$244513] 5245163} ,8245814| .,$246464| .$8247114 
66S] ,$251014| .525 1664} 8252313 | ,$252963| 8253612 
669 | .$257506| 8258154} 8258803 | 8259451} .$26010c 
670] .$263988] 8264635 265283] .8265931] 8266578 

71] .$8270460| ,$271107| 8271753] .8272400| 8273046 
672|3.8276923] 3-8277569|3.8278214 | 3.8278860 | 3.827950F 
673] .38283376| .$8284021 .$284665 | S285310 .S285955 
674| .$289820| .8290463] ,$291107| .3291751j -$292394. 
675| 8296254} .8296896| ,8297539 .$298182! .$2958824 
676] .83026758| .$303320]| 8303962 $35 14603] 8305245 
677| .$309093 -$309734 8310375 5| .3z3110 an -$311656 
678|2.5315:499 3.8316139 3.831677) 8! 3-$317416 | 3.8318058 
679| 5321895] ,$322534 $323173| 48323812 324450 
680| .$325281| .$328919] .$329558! .$330195 8330833 
681] .$334659] .5335296| .5335933| 5336570] .$337207 
682| .$341027| ,$341663| .$342299| .5342935| .$343571 
683| .$347385| .5348021 $348656| $349291 3349926 
684 |3-8353735 |3 8354369 | 38355003 | 3-8355638 | 38350272 
685 | .$360975| .$360708] ,$361341}| .$361975{ .$362608 
686| .5366405 | .$367035|] .$8367670| .$368303\ .$368935 
687] .8372727| .$373359 $373990| $374622| $375253 
688] .5379039| .837-9670| .$380301! .$3809311; .$381562 
689] .8385343| .5385973]| .$386602| .$387282| .$8387861x 
690 | 3.8391637.|3.5392266 |3,8392895 | 3.8393523] 3.5394 152 
G91 $397922| .$398550| .$399178) .$399806| .$840043 3 
692| .$404198| .$4048 [28405452 .$406079| .8406706 
693] .$410465 |} .$411091] 8411717| 8412343} 8412969 
694| .$416722| .$417348| .$417973; 8418598] .$419222 | 
695| .$422971| .5423596| .$424220| .8424844| .8425468 | 
696] 3.5429211] 3.8429535 | 3.8430458 | 3.543108 1 | 3.8431705 
697] .$435442| .8436065| .$436687| .$437310| 8434932 
698] .$441664| .5442286| .$442907| .$443529| 8444150 
699| .5447877| .5448498] .$449119| 8449739} .5450360 
200] .$454081] ,5454701| .$455321| 3455941] 5456561 
201] ,3460277| .5460896| $461515| 8462134] 38462752 
702] .$4664631 .546>081] .$467720 | .$468318) .$468935 | 


O 


I 


2 


3 


4 


©© 
+» 
% 

& 
= 
\S 
Ws 


3-S508912 
.S515030 
S$521139 
5527239 
SIEELEL. 
-$539414 
3-3545489 
551556 
S557614 
.$563663 
+$569704 
3575737 
3.858176x 
587777 
5593785 
.$599784 
.8605776 
.$611758 


703| 3.8469553| 38470171] 3.8470789 | 3.847 1496 
704 | 8$475727| 8476343] .$476969| ,$477577 
705| 8481891] .8482507| 8483123! 8483739; 
706| ,8488247| .8488662| .8489277{| .$489892 
707| .$494194| 8494808] 8495423} 5496037 
70g 8500333 8500946 85olgg9| +$502172 
709 | z.8506462| 3.8507075 | 3.8557 687 | 3.8508300 
710] 8512583] 8513195 | .$513807| 53514418 
711] .$518696| .8519307| 8$519917| 8520528 
712| .8524800] .8525410| .$526020| 8526629 
713] .$530895] .$531504| .$532113{ 5532722 
714| .8536982| .8537590| .$538198| .85 38806 
715] 3.8543060| 3.8543668| 3.8544275 | 3.85 44852 
716| ,8549130| .38549737| .$550343| -$550949 
7217] 8555192| 8555797 | .$556403 | «$55 7008 
218] .$8561244| .$8561849] .8$8562454| 5563059 
2719| .$8567289| .8567893]| .$568497| 8569101 
7220] 8573325] 8573928] 8$574531i| 35575134 
721] 3-8579353] 3-8579955 | 3-8580557 | 3.358 1159 
722| .$585372] 8585973] .8586575| 8587176 
723] .$591383] .85919:4| 8$592584' .5593185 
224] .8597386| 8597985 | .$8598585| 8599185 
725| -$603380| .8603979| .8604578| .$605177 
726] .8609366| .8609964| .8610562| .8611160 
727 | 3-8615344| 3-$615941 | 3.86165 39] 3.8617136 
728] .$621314| .8621910| ,$8622507| ,$623103 
729| .$627275| .$627871| ,$8628467| .8629062 
730| .8633229| .8633823] .8634418] .8635013 
2731] 8639174] .86397-68|j .$8640362j 8640956 
732| 8645111] 8645704} 8646297] .8646890 
733 | 3-8651040| 3.8651632 | 3.865222F| 3.8652817 
734| 8656961] .8657552| ,8658144| 8658735 
735 | 8662873] .8663464| 8664055} .3664646 
736| .8668778| .8659368j 8669958] .8670548 
737| .8674675| 8675264 | 8675853} 8676442 
738| 8680564 —_ $681740 | .8682329 
739 $686444 | .86870321] .,86876201| 8688207 


3.8617733 
.$623699 
.$629658 
.$635608 
.8641550 
.$647483 

3-365 3409 | 
3659327 
.$665236 
8671138 
8677031 
86829017} 
$688794 | 


— — — 


4 


Num a5 7 ME 
703 33472641! 3.9473258 3-8473876| 3.8474493 | 3-$475 110 
704 | .$478810| .9479426| .8480043| $45 659 | $481275 
205 | .$484979| 8485586] .8486201] .$486817| 8487432 
706| .$491122| .$8491736| 8492351] .8492956| 8493580 
707| .$497264| .$497878| .$498492] $499106| .$499719 
708| .$503399| 8504011] .8504624| .5505237| 8505850 
709 |3 $509524| 3.85 10136 | 3-851074S|3 $5 11360 | 3.55 11972 
710] 8515641} .$516252| 5516863] .8517474| .d5 18085 
211] .$521749| .$522359| .8522970| .$523580| .d524190 
712| 8527849] .$528458| .$529068| .$529677| .55 39286 
713| 5533940] .$5345438| S535157| -S535765| 5536374 
714| .$5402022| .$540630] .$541238| .S541845| 5542453 


715 | 3.8546296] 2.354670 | 3.8547310|3.5547917 | 3.5545524 
2716| .$552162| .$552768|] .$553374| .8553980| 5554586 
717] .$558219| .$558824| .$559429| .$8560035| .$560640 
718| .5564268| .3564872| .$565476| .$566081{ ,d56668F 
219| .5570308] .$5709012| .S5721515| .S572118| 85722722 
220| .$576340| .$5 25043] 385727545] .$578148| 8578750 
221| 3. 8582363] 3.8582965 | 3-8583567|3 8584169 | 3.8584770 -& 
722] .$588379] .$588980| .8589581| .$590181| 8590782 f 
723] 5594335] .$594986| .$595586| .8596185| 5596786 "% 
724 .8600384| .$8600983|] 8601583] .$8602182| 8602781 
725| .$606374] .$606973] 8607571] 8608170] .$608768 
726| .$612356| .$512954|] .$613}552| .$514149] 8614747 
-27] 3.58618330| 3.5618927| 3.56 19524 | 3.8620120| 3.8620717 
728| .8624296| .$624892| .8625488| .$626084{ .$8626679 
729| .$6309253] .8630848] .$8631443] .$532039| .8$8632674 
730| .$536202| .85936297| .8637391|,.8637985} 8638580 
231] 8642143] .8642737| .$643331| .$642924| 8644517 
732] .$648076| 5648669] .8649262| .$649855| 8650447 


733] 3-3654001| 3.5654593 | 23-5655 185 |3.8655777 | 3.8656369 
734] $659918] .566o509| 8461100] 8661691| 8662282 
735| 8665827} 8666417] .$8667008| .8E67598| .8$668188 
236| .$671728; .8672317] .$672907| .8673496| 8674086 
737| $677620}; 8678209] 8678798] 8679387; .$679975 } 
738 $683505/ .$684093]| .$684681 $685269| 8685857 
| 2391 8689382} .L£689969 | 86g0556| 8691143} 8691730 * 


AY 


þ 


O 


| 

' 

43 | 
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Num I 2 3 
749; 3-6692317 | 3.58692904 | 3.869 3491 | 3.8694077 
741] 8598182] .8698768| .8699354| 85699940 
742) 8794239] 48794624| 8705209 | $705 795 
743] .8709838| 8710473} $711057| ,$711641 
744] $715729| .$716313| .8716897| .$717480 
745] 8721563] .8722146| .8722728| 8723311 
746] 3-8727388 | 3.8727970 | 3,8728552| 3.8729134 
7474 8733206] -8733738| .$734369| .$8734950 
248] 87390161 .8739597| $740177| 8740757 
749| -$744518]| .8745398| .$745978| .$746557 
750| 8759613] B751192] 8751771] 8752349 
7Fl 9756399 756978} -S7575F6 | 755134 
752 5702178 38762756 j3.6763333 ! 3:3$763911 
753] .0707950 768526 | —_— .$769680 
754] 773713] 5774239) 8774865 | 8775441 
755} -5779409 8780045 | $780620 | 781195 
756 3785215 785792 $7 $5367 $786941 
757| .$700959 B79 1532 $792106| .87292680 
758) 35796692 3:8797265 3-57978; 8|3.8798411 
2759| -5$$22418] .58-2990} 8803562} .$804134 
760| .$858136] .8508707| 8809279} .g809850 
261] .8813847]| .3814417| .$8814988] 8815558 
762] .$819550 88290120 $820689} .$821259 
763] 8825245] 3825815] 8826384} 8826953 
7641 3.8832934| 3.883 1502 2-$832070| 3.8832639 
265| 8836614] .58$37152| ,8837750| .$838317 
266! $842285 9429555 | .$543421| ,$8843988 
267i $847954| 3848520; ,8849086| ,8849652 
768} $3612 8854178} $$5474} 8855308 
269) $859263 859828} ,$860393 $86095 7 
mans | — — 
770! 3.88564907 3-8<65471| 3.88660 35 | 3.8366599 
771] .$38795441 $871107; $871670 $872233 
7721 $58761734; $876736] 8877298 | 8877860 
773] 8881795] .$882357j ,8882918| 8883480 
774\ $8587410; 8887971} $8885232| 8889093 
2775} 8893917] 8893577 894138 .$894698 
FIG! ANSS007 .S899177] $899736{ $900296 


3.8694664. 
.$700526 
.$:06380 
+8712226 
-$718064. 
$723894 

3-5v729716 
S735531 
8741338 
8747137 
8752928 
$758712 

3-8764488 
.6770256 
8776017 
8781770 
S787515 
97293253 

3.8798983 
.$804.706 
8810421 
.$816129 
5821829 
.0827522 


3-$833207 
.$838885 


. 3844555 


.$850218 
ELISEEZ 
8861522 
2.086716} 
.$872796 
$878423 
.$884042 
888965 3 
S895258 


.$gooS8gy 


_ 


__ 


=" #6 WNT RR i 1 5 
749] 386952511 3.8695837\ 3.8696423 |3.8697010 
741] $701i1iz| 8701697] 8202253 .$:02868 
742| .$706965| .5707549| 8708134] .87087 9 
743] -$712310| 8713394] .5713978| 8714562 
744| $718647] 87192309] .3719814| ,$720397 
745 .$724476 8725059] ,$725641} ,$726224 
"246|} 8730298 3-87 308 80 yr hay er, 
747 | .8736112| 8736693] . —"— 5737855 
748] .8741918| 8742498 43058! 87 $9699} 
749 | 8747716] 8248296] .$7 a8-g| 8749454 
750| .8753507| .$754086 $754664 | $755243 
751] 8759290] ,$759868 8769445 8761023 
752 | 3.8765065] 3.8765642| 3. $766219 | 3-$766796 
753 $779833 .8771409 8771985 | 8772F61; 
754| 8776592] 8777168] $777743| 8778319 
755 | 8782345] 882919] .$8783494| 8784069 
756| .$785089| 8288663] ,$7 89237 | $7890811 
757 | 8793926] .8794400] $794973!| 8795546 
758 38799556 3 8300128 3.8800701 3-$801273 | 
759 | .$805278| 825850 .$306421| ,$8826993 
760| .$810992] $g811563 $$12134 $$12705 
761] 8816699] $817269] ,$817840, $$18410 
262 8822398] $$22968] $823537! .$824107| 
763] .88258090| $$28659| ,$829228 .$$29707 
764 | 3-8333775 | 3.8834343 | 3.$8834911 | 3.8835479 
765| .$339452| .8849019| ,8840586\ ,g841154 
766| 8545122] ,$845688| 8846255 8846821 
767| .$850784| 8851350 "S51915| 8852481 
765| .58356439| .8857004| 8857569 | 8858134 
769| 58862086} $Y626511 $862 3215 | _-$863779 
770] 3-8867726| 3.5868290 | 2.886885 4 | 3-886941 7 
771] 8373359] .$873922| .$$74485 | 8875048 
772| 8378985] 8879547 8880109 | $$80671 
773] 8884603] $885 165 8885726. .$886287 
774| 8890214| 8890775 8391336 | $89 1896 
775| 8895818] 8896378 .$896938; .$897498 
776| 8901415! 8901974] .$902533 | $903092 


9 ——_— 
3-8697596 
8793454 
3709304 
3715146 
.$720980 
.$726806 
J. 3732025 
8733435 
744238 
0750054 
S7FFS21 
.$761601 


3-5767373 
773137 
$778894 
$784643 
790385 
9796119 
3.55821846 
S507564 
.8513276 
$51 $9809 
5524676 
.6830365 
3-50836047 
+$841721 
.$8473957 
.8853047 
.$558699 
3564343 
;.$869980 
$575610 
$$81232 
388684 
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Nut | 
777 | 


| «0932068 


| 0992732 


| 3-9-03671 


— 
3.890410 
.$909796 


S9lf375| 
.$920945 } 


8926510 


3970770 
9976271 
$981765 
8987252 


3998205 


9009131 
YOI4FS3 


I 
3.8904709 
8910354 
915932 
3921503 
.$927266 
dy 32623 


3.3y 36172 
"$9437 715 
9492509 
$954779 
.$962299 
.$y65813 
3.S$y71320 
.$970821 
8982314 
-$9 $7 $800 
«$993279 
.$yg8752 
3.9904218 
9009676 
9015129 


TS 30900 


———— —— 


3. +0 536325; 
9941744 


9247155 
905 250< 
«925 7960 
90633F1 


' $97 
858 
Og 
810 
8x1 
812 


$13] 


{3.9261 68735 
| «9074114 
| .90 79485 

99584850 
| «9 ©YO209 
| -9095F 560 
«9 IC © 905 


YO20929) 
9225468, 
900] 9931443 


-HOZOF73 
.90260LL 


| 3.9036867 
9042285 
9047696 
HOFZ1O1 
H05 8499 
9263839 


3.9269273 
9074651 
+.YOYO0022 
H85 305 
$$ 0907 $4 
9096095 


9101440 


EE, 


2 3 4 
38905 328 | 3.8905 887 3-89064.45 
8510912, 8y11470| 8912028 
$316489| 8917047} 8917604 
.$922059| .$922616| ,$923173 
.$927622| ,3$9258178| $928734 
8533178 3533733 8934288 
3.393872 727 3-29 39281 3-39398330 
8544268 .$944822| $945 376 
$949803\ 8$959356| $9509v0y 
8955339] *8955853] $956 435 
8962851 +$961403] .$961954 
«$966 364 8966915] .$967466 
3.8971871 3.3972421| 3.897297 
$977379} .8977920]|- 8978469 
.$982863| .8933412| .8983960 
$988348; 8988897] 8989445 
.$993827| .8994375] -$994922 
.$999299| .3999846| .$009392 
3-9904764; 3-9905310| 3.9005856 
9202233] 9010767 HOLIL313 
9015673 «90IG21S} 9016762 
9221117{| .9921661] 9022205 
9926555] 9927098] 9027641 
.9931985| .9032528| 9033071 
3-99 37409 (3-9037951| 3-903" 493 
9042827| .9943368| .9043909 
9043237; -9248778] 9049318 
9053541] 9054181] 9054721 
9059233; 9959577] 9260116 
9064423, 9064967 9065505 
3.9969812!3.9070350| 3.9070887 
9075188 9275726] 9076263 
9082559, -9281095| 9081632 
9085922! 9 2386458| 9086994 | 
.0091279; y9O9I815 | 9092350 
9096630 | 9097165 9097699 
9101974, .9102508| ,9103042. 


5 6 8 | 
3.8907004 3-8907562, 3.8908124|3.8908679 | 3.89092 38 
.$512586] .$913144}| .$8913702| .$914259{ 8914817 
.$918161] 8918718} ,$919275| .$919$32| .58920389 
.C&y23729]} .$924285| .$924842| .8925398| 8925954 
8529290] .8929845| .8930401| ,$930957] 8931512 | 
$534543 .$935398] 8935953] 8936508] .$937063 
3-3,40399]| 3-3$940944! 3.8941498| 3.$94205 3 | 3.894 2607 
945929] 8946483] .8947037| .$947590| 5948143 
$9514%2] 8952015] .$952568] 8953120] .$953673 
8956987] 8957539] 8958991] 8958643] 5959195 
.$962506] .8963057>} 8963608] .,8964160| .$964711 
.$968017|..2968568] .8969118| .8969669| .$970220 
3.99 73521 3-9974071 3.4974621] 3.8975 171 3-8975721 
.$929019]| .8979568] .$980117| .8980667\| 8981216 
.$984509| .$8985058] .$8985606| .8986155| 5986703 
8989993] .$990541| .$991089] .$8991636|- 8992184 
.$995469]| .8996017| 8996564] 8997111] .8997 658 
.9900939| 9001486] .,9002032| 9002579 | 9003125 
3.9006402| 3.9006948 | 3.9207494| 3.9008039 | 3.9008583 
.9011858| 9012403 | .9012948] .y013493| 9014038 
99217307] .yoiz851| 9018396] .y9018940| 9019485 
9922749] .9023293] 9023337] 9024381] 9024924 
9028185] .,y028728| .9029271| 9029814] 9030357 
9033613] .9934156| 9034698] .9035241] 9035753 
3-9039035| 3-9039577 | 3.9040119 | 3.9C40661 | 3.904 1202 
9044450] 9944992] 9245533 | 904607 9045615 
.9049859| .9050399| .9050940| .y051480] y052920 
9c55261| .yo55800] .yo5634c| .yo56880| 9057420 
9060656] 9061195] 9061734] 9062273] .9c628 12 
.9-66044| .9966582! 9067121] 9067659 | 968197 
3-907142513.9071963 ; 3.9072501|3.9073038| 3.9073576 
.9076800| 9077337; 9977874] -yo78411| ,yo78948 
y9082169j .y082705; 9083241] .y083778] .y084314 
9087530 9089066} .9o388602| .yo89137] .yo89677 
90928851 9993420; .9993955| 994499] 9995025 
.9098234| .9098768 .9299303| 9099837] 9100371 
H10357614 y1041C9 ,Jy104643 9105177 HIOF7IO 


— 


Num O 
$14] 3-9106244. 
Big] 9111576 
816| 9116922 
817] 9122225 
818] .9127533 
819] ,9132839 
$20] 3.9130139 
821] 9143432 
822] .9148718 
823] .9153998 
824] .9159272 
_b25 9164539 
826| 3.9169 800 
$27 gI7FOFy5 
828| ,9180303 
329| 9185545 
830] .9190781 
831 9196019 
832] 3.9201233 
$33] 49206450 
834] .9211661 
335] .921686F 
83*| .9222063 
837] 9227255 
$38] 3.9232440 
839 .9237620 
840| .9242793 
841 «9247960 
- 842] 9253121 
$42] .9258276 
54+] 3-9263424 
845 | 9268567 
846] ..9273704 
847] 9278834 
843 | .928 3959 
$49| .9289077 
$50] ,9294189 


I | = HEHE 

3-9106778| 3.910731L| 3.9107844 ' 3.9108378 
9112109] 91012642 .90L3I74| 9113707 
9117434; 9117966; 9118498] 9119030 
.9122752| -9123234j .9123915| 9124346 
9128054] 9128595] .9129126| 9129656 
9133369 9133999 -9134439| 9134960 
3.9138658 3.9139198 3-9139727| 3-9140257 
914396t| 914449, 9145018 | SI45 547 

9149246 | 9149775 | 9150303] .91go8z1 
9154525) 9155-54} -9155581| 9156109 
.9159799| .9162326{ 9160853] 9161380 
9165065 ot6rro2| -9166118| ,9166645 
3-9170326 | 3.917852; 3.9171378 | 3.9171903 
g9I75580| g176105) ,9176630| 9177155 
.9180828| g181352\} .9181877| 9182401 
.9186069| .918659;3] 9187117| .9187640 
9191304] 9191827] 9192350| 9192973 
9196533! 9197055] -9197575| 9198100 
3-920L7FF | 3.9202277 | 3.9292799 | 3.9203Z21 
9206971 | 9207493 | -9208014| 92085 35 
.9212181| ,9212702| .9213222| 9213743 
9217385| .9217905 {| 92195425| .9218945 
,9222582| .9223102| 9223621 224140 
.9227773| 9228292] 9223811} .9220330 
3-9232958| 3.9233477|3-9233995 | 3-9234513 
.9238137| 9238655 | .9239172| .9239690 
.9243310| -9243827| .9244344{| .9244860 
.92484.76] 9248993] .9249509| 9250025 
9253637] 9254152 9254568 9255184 
9258791] 9259306] 9259821; ,9260336 
3 9263939| 3.926445 3 | 3-9264968| 3.9265482 
.9269081] .9 9269595] .9270109| ,9270622 
9274217] ,92747301] 9275243] 9275757 
.9279247| .9a798590] 9280372} 9280885 
.9234471| 928498} | 9285495] 9286007 
9289588] ,9290100 SE 9201123 
9294700 9295722! 9296233 


9295211 


——_—_— 


Num 
$14 


815] 


$16 
817 
$18 
$19 


"$20 


$21 


$37) 


© — 


838 
039 
049 
841 
$42 
$43 


54+ 
545 
846 
847 
845 
849 
v5O 


= 0M DA 1 40 | w_ 
3 91099 Lit[ 3.9109444, 3.9109977 , 3-9 T1050 3-g 111043 
«9114240 9114772 9LIIi53095 9115837 9116369 
9119562] 9120094] .9120626| gi2iig7| g121689 
9124873] 9125429 91259409, .g9126471| ,g127002 
9130137] 9130717} 9131248 9131778] 0132309 
9135499 -9136019] 9136549! .9137079 9127609 
3.9142786| 3.9141315 |3.9141844 39142373 | 39142903 
9146276| 9146604 19147133, 9147661] ,g148190 
| 9151359] glfgid87] .gi52415!| gi52943| gifgz471 
-—— 4 g15F7163 Saer6pn 9158218 9158745 
915% 9162433 9162960 | toads «9164013 
915 7173 9167697; g168223} 9168749} 9169275 
3-9172429 |3.9172954|3-9173479 | 3.9 174905 | 3.9174530 
+9177680| 9178205 9178730] 9179254| .9179779 
9182925 | 91383449] 9153973] 9184497] .g185021 
.9188164| .,91388687| ,9189211| 9189734] ,9190258 
9193396] .9193919| .9194442| .9194965| g195488 
.9198623| 9199145] .9199667| ,9200189| ,9200711 
3-9203542| 3.92094364| 3.9204086 | 3.9205407| 3-9205929 
9209956| ,9209577| 9210098} 9210619] 9211140 
.9214263| .9214784| .9215304| ,92153824| 9216345 
9219465 | .9219984| .9220504{| ,9221024| 9221543 | 
9224659| .9225179} 9225698 | ,9226217| .9226736 
' 9229848| .9230367| .9230885\ .9231404| 9231922 
[39235031 | 39235549 3-9236066 |3,9236584| 3.9237102 
| .9240208| ,9240724| 9241242! ,9241759| 9242276 
9245377 | -9245994| -9246410| .9246927| 9247444 
9259541} 9251057] 9251573} 9252089] 9252605 
| 9255699 | .9256215| 9256730| 9257245| 9257761 
.g92608Ft1l 9261366] 92613880} 9262395 | 9262g10 
3-9265997 3.9266511| 3.9267025 | 3.92675 39| 3.926805 3 
9271136; .9271650| ,9272163| 9272677 9273190 
92760279, .9276783]| .9277296| .9277808| .9278321 | 
| .9:81397' 9281909| .9252422| 9282934] .9283446 
9286518; 9287030} .9287542| 9288054| 9288565 
| 991634 .9292145| .9292656| ,9293167| 9293678 
9296743 +9297254| 9297764] 9298275) 9298785 | 
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3-9299296 
9394396 
3329490 
93145379 
«9319661 
29324735 

3-9 329808 
9334573 
93399234 
9344984 
«9 Z3 0032 
93559273 


3-9 362108 
9365137 
29370161 
9373179 
9330I91 
9395197 


3.9392198 
9395193 
.94090182 
«9405165 
9410142 
9415114 


3-9420081 
9425041 
.9429990 
9434245 
9439339 
9444327 


3-94492759 
29454536 
9459507 
9464523 
9459433 
9474337 


9479236} 


3-9299806 
+9394996 
"2329999 
9315057 
.9322>169 
PZ 5245 
3933-315 
9333379 
9342437 
9345499 
9352536 
9355576 

3.936OOLL 

9365649 
«9370663 
9375689 
9380692 
9385698 

3-9392697 
9395692 
9400585 
940566} 
-9412642 
941561 

3$:94205577 
9425537 
9430491 
:943544® 
9442333 
944532) 

3-9 450252 
9455178 
9460099 
9465014 
9469923 
9474827 
9479726 


_ C2 _ "WE 
3-9392031r6 | 3.93008263.g301336 
9325415 | 9395925 9306434 
«9310598 | .93110917| 9311526 
9315596 9316104 »9316612 
93205677 | 9321135 | y321692 
9325752 9 325259 | «9326767 
3-9339322 | 3.9331325| 3.9331835 
9335355 | 9336391] 9336897 
9342943 | +9341445| 9341953 
9345994 | 9345499] +9347094 
935194 | 9351544] 9352049 
93556089 | 9356584] 9357087 
3-9351114 |3-9361617| 3.9362120 
9366143 | -9366645| 9367148 
9371165 | .9371667| .93721T69 
9376182| 9376683] 9377184 
9331193 | 9381693] 9332194 
9386198 | 9385698] 9387198 
3-93y 1197 [3-9391097| 3-2392196 
29396191 | .9396690| 9397189 
.940I179 | -9421677| 9402176 
9406161 | +9406659] 9427157 
.941iiz7] 9411635] 9412132 
9416108 | .9416605| 9417101 
3.9421073 | 3-9421569| 3.9422065 
9426032 | 94265285] .9427024 
9430986 | .943145381] .9431976 
9435934] 9436429] «9430923 
9449877] 9441371] 9441865 
9445814] 9445307] 9446820 
3-9452745 | 3-9451238| 3.9451730 
9455671] 9456163] .9456655 
9460591 | -9461082| .9461574 
9465505 | 9465996] 9466487 
9472414 | -9470905] 9471395 
9475317 | 9475397] 9476297 
9430215 | .9480705| ,9481194 | 


—____ 


Num NR mw =} 8 | 008 | 
851]3-9391847] 39392357 | 3.9392866] 3.93033 76 3-9393 886 
$52] -9396944] 9307453] 9397963] .9308472| .9308981 
$53] 9312035] 9312544] .9313053 9313561 +93 14070 
854] 9317121] 9317629| 9318137] 9318645 | 9319453 
| 855] 9322200] .9322708|- ,9323215| .9323723| ,9324230 
856] 9327274] .9327781| .9328288| ,0328295| ,9329301 
857]3-9332341 | 3-93325345| 3.9333 354|3.9333860 | 3.9334367 
858] -9337493| -9337999| 9333415] .9338920| ,9339426 
$59] 9342459] -9342964| 9343459 | .9343974| 9344429 
860] 9347509] 9349913} .9348518| ,9349022| .,9349527 
$61] .9352553| 9353957] 9353561] .9354065| 9354569 
862] 9357591] 9358095] 9358598] 9359101] 9359605 
863] 3-9362623] 3.9363126|3.9363629|3.9364132 | 3.936463F5 
$64] .9367650| 9363152] .9368655| 0369157] 9369659 
865] 9372671] .9373172| .9373674| 9374176| .9374677 
$66] .9377686] 9378187 9378688 9379189 9379690 
867] 9382695] .9353195] .9383696| .9384196| ,9z84697 
$63] 9387693] .9z88195] 9388698] .9:89198| 9389698 
$69] 3-9392696 | 3.9393195|3.9393695 | 3-9394194| 3.9394693 
$70] 9397688] .9398187 9398635] ,9399184 9399683 
S7I| ,9402674| .9403172| ,9403670| 9404169 .9404667 
872] 9407654] 9403152] 9408650] ,9409147| ,9409645 
$73] 9412629] .9413126] 9413623] 90414120 «9414617 
874] -9417598| 9413095] 9418591] .9419088| 9419584 
$75 | 3-9422561] 3.9423053| 3.9423553| 3:9424049 | 3.9424545 
$76| 9427519] .9425015] ,9428510| 9429005 «942950! 
377] 943247'| 9432966] 9433461] 9433956| .9434450 
$78| 59437413] 9437912] 9438406! ,9438900| 9439395 
$79] -9442359| 9442552] .9443346! .9443840| 9444333 
$80] .9447294 9447787 9448280} 9443773 29449266 | 
$0r| 3.945 2223] 3.9452716| 3.9453208| 3:945 3701|3.9454193 
882] 9457147] .9457639Þ 9453131) ,9458623| 9459115 
883| ,9462066| .9462557 9463048) ,9463540 9464031 
884| .9466978] .9467469| .9467960 94638451] 9468042 
885 | 59471336] 9472376] ,9472866| 9473357| 9473847 
g86 _ 9477277 9477767) 947$257\| 9478747 

a 887| .9481684 9482473| 9482662 a48325e\ 9483641 | 


Tn 


Num HT 
$82] 3.9484 130 
889] .9489018 
899] 9493992 
891] 9493777 
392] 9593649 
893] 959385 15 
594] 3-95 £3375 
$895] .95182309 
89 | 95239350 
897] 9527924 
$98] .9532763 
899 9537597 
990] 39542425 
991] 9547245 
902| 9552065 
993] 9556977 
994| 9561684 
935 9566486 
996 3.95 71282 
997] 9576073 
928] 9580858 
999] 9555639 
910] 9599414 
91] 9595154 
912| 3,9599948 
913] g604708 
914] 9609492 
915] 9614211 
916| ,9615g5s 
917] 9623693 
91S| 3.952$427 
919] 49533155 
920] .9637878 
921| ,9642596 
922] ,9647309 

23] 9652017 
©24' ,9656720 


I 
39484619 Fre 
94389596] 9489994 
94943833] .9494876 
9499264} 9499752 
9524135 9594622 
9 $2g00L 9599437 
3-95 4,501} 3.9514347 
9515716] ,9519201 
9523565] 9524049 
9519429 | 93529593 
9533247 | 9533739 
9538959] 9535563 
3-95429929 | 3-9543390 
9547739] 9549212 
9552547] 9553920 
9557358] 9557339 
.9562165] 9562645 
9566966 9567445 
3-957 1761] 3.95 72241 
9576552] 49577939 
9581337] 9581815 
9586117] 95386594 
9590891] 9591368 
9595660] 9596137 
3-9500425 | 3-9600901 
9605183] 9605659 
9509937] 9610412 
9514586] 9615160 
9619429] 9619993 
9624167] _.962464© 
3.952900] 3.962937} 
9633628] 9634100 
9638350] 9638822 
9643068] 9643539 
96477580] 9648251 
9652488] 9652958 
9657190] 9657660 


3 
3-9435597 
9490433 
29495 36+ 
9529139 
«9 52F Log 


95999973 


3-95 14532 
9519686 
9524534 
9529377 
9534214 
G5 39040 


3-9 543372 


95 48694 
9533519 
9558320 
9563125 
9567925 
3-957 2729 
9577599 
958229 3 
9557072 
9591845 
9596614 
3-9601377 
«9606135 
9619887 
9615635 
9620377 
9625114 
3.9629846 
9534573 
9539294 
9644011 
9648722 


9653420 
965S130 


—— 


+ —_— 
3-9486085 
+2 490971 
9495851 
95997 26 
9525590 
95 10459 
3.95IFZ15S 
D532 I71 
»9525018 
9529861 
9534697 
9539529 
3:9344355 
9549170 
9553991 
95 53801 
9553605 
FIVE 
3-9573199 
»9577988 
9592771 
9587549 
.9592322 
9597090 
3 9601853 
9606610 
9611362 
*9616109 
9520851 
9625537 


3-9630319 
9635045 
9639766 
9644482 
9649193 
9653899 
9658599 


—{ﬀ—— 


— — 


Num, 5 . os 65 BE 5 9 | 
$88] 3.94865 74| 3.9487953] 3.9487552| 3.9488040{ 3.,9488529 
839] .9491450| .9491948] .9492436| .9492924| ,9493412 
899] .9496330| .9496327| .9497314| .9497802| ,9498290 
891] .9501213| .9501701] 9502188 | 9502675 9503162 
$92] .9506082| ,9506569| 9507955] 9507542] 9508028 
893] 9510945 | 9511432] 9511918] ,9512404| ,95 12889 
$94 | 3.95 15803 | 3.9516289 | 3.95 16774 | 3.95 17260 3-9517745 
$95 | 9520656] .9521141| ,9521626| 9522111 9522595 
896] .95255093] 9525987] ,9526472| 9526956] 9527440 
897| .9539345 | 9530828] 9531312| ,9531796] 9532280 | 
$98] .9535185| 9535664] 9536147] 9536631] 95372114 
899 | 9549912] .95402494]| 2540977 | .9541460| 9541943 
999 | 3-9544337 | 3-95453 19 | 3-95 45 $02 | 3.9546284| 2,95 46766 
got] .9549657| 9550139] 9550621] 9551102] geerg84 
902 9554472] 9554953] 9555434] 95355915] 9556397 
903 H559282) 9559762| 9560243] 9560722 9361204 
g924| 9564686! ,9564566| ,9565046] .9565526 9566006 
995 9568855 9569364 9569544 95709323] ,9570803 
996 | 3.9573678| 3.957457] 3-9574636 | 3.957515] 3.9575594 
997] -9578466| 9578945] 9579425 | 9579902] .9580380 
go$| 95 $3249 | 9583727] 9584205] 9584633] o585161 
929| 9588027 9588505} 958932] 9589459] 9589937 
919] 9592799| 9593276; 9593753] 9594239] ,9594707 ! 
g1r] 9597567) 9598243! 9598522) 9598996] 9599472 
912 |3.9602329 | 3.9602805 | 3.96032890] 3.9603 756 3.9604232 
gt3 .9607086 9607561] 9608036] .9608512}| 960898 7 
914 9611837 9612312] 9612737] .9613262 9613736 
g915| .9616583! 9612058] ,9617532] .9618c06! 9618481 
916] .9621325\| .,9621799| .9622272} 9622746! 9623220 
917 = 96265 34 .9627007 962748 1| 29627954 
918|3.9630792| 3.9631264| 3.9631737 3-9632210\ 2.9632683 
g19] .9635517\} .9635990| 96364621] .96369341 9637406 
9209 9640238 9640710] 9641151 964165 z| 9642125 

| 921 9644953] 9645425} 9645896 9646367) ,9646838 

> 922] .9649664| .9650134| .9650605| 9651076; 9651546 

| 923] 9654369] 9654839} 9655309 9655780} 9656250] 
44 9659069] ,9659539] 9660009] 9660478! 90660948 


rI2 


- —— — —_— = ge 
a 
_ = 


Num S 
925 | 3.9661417 
926| ,9666110 
927| .9670797 
928| .9675480 
929] 9680157 
930| .9684829 
931} 3.9689497 
932] 9694159 
933j 9698816 
934j 9793469 
935; 9708116 
936| .9712758 
937|3-9717396 
938] .9722028 
939] 9726656 
940; 49731278 
941] .9735896 
9.42 97405 09 
94313-9745 117 
944] -9749720 
945| 9754318 
G46| 9753911 
947 9763500 
948 9768083 
949 3-97 72662 
950] 9777236 
951] .9781805 
952] 9786369 
953} 9790929 
954] 9795484 
955 | 3-9500034 
956] 9804579 
957] 9809119 
958] 9813655 
959] .9818186 
960] .9822712 
961] 9827234 


I 


9666579 
9671266 
9675498 
9680625 
9685296 


3-9689963 
9694625 
9699282 
9703934 
9708581 
9713222 


3-9717359 
9722491 
9727118 
9731741 
9736358 
9742970 
39745577 
9750180 
9754778 
9759370 
9763950 
9768541 
3* D77Z120 
9777693 
9782262 
9786826 
9791385 
9795939 


3-966 1887: 


3 5 . 
3.9662356 | 3-9662826 | 3.9663295 
.9667048] .9667517| 9667985 
9671734| .9672203| 9672671 
9676416 | -9676883| 9677351 
9681092| «9581559 | 9632027 
9685763 | .96862;30] 9686697 
3-96904.30 | 3-9690896 ; 3.9691362 
9695091] 9595557 | $696023 
9599747 | 9700213} 9700678 
9704399| 9794863] 9705328 
9709045 | 9799509} 49709974 
9713686| 9714150| 9714614 
3-9718323 | 3-9718786|3.9719249 
9722954| 9723417| 9723880 
9727581] .9728043| 9725506 
9732202| -9732664| 9733126 
:9736819| -973728L| 9737742 
9741471 9741592 9742353 
3-9 746038 | 3-9746498| 3-9746959 
9750640] -97FIIOO| +97FIF6O 
9755237| 9755697] 9756156 
9759829 | 9760288] 9760747 
9764417} 9764875}, 9765334 | 
-9768999| 9769457] 9769915 
3-977 3577 13:97 740351 3-97 74492 
9778150 .9778607| 9779064 
-9782718| -9783175| 9783631 
.9787282| .9787738| 9788194 
9791840} 9792296] 9792751 
9796394 | :97968459| 9797304 | 
34-9300943 | 3.901398 3-9801852 
9805487 | 9505942 9806396 
.9810027| .9810481| .9810934 
9814562} .9815015] 9815468 
9819092] 93819544] 9819997 \ 
9823617} 9824069 9824522 | 
9828138) 98285891] ,9829c 4 


E” 


—__— 


Num NN 4 BF £06. 
925 | 3.9663764 |3.9664233 |3.9664703| 3.9665172 ' 3.966564 1 
926] .9668454! .9656$923 | .9669392| 9569860 9670329 
927| 9673139] .9573607| ,9674576| 9674544} 9675012 
928| 9677819] .9578287| 9678754| 9679222} 9679690 
929| .9682494| .9682961] 9583428] 9683895} .9684362 
930| .9687164| .9587630] 9688097] 9688564; 9689930 
931 | 3.9691829|3.9592295 | 3,96927611 3.9693227 3.9693693 
932] .9696483] .9696954 i .9597420| 9697885} 9698351 
933] 9701143] .9701608, ,97029074| 9702539| 9703004 
934] 9795793] -9706258S| 9706722] .9707187| 9707652 
935] 9710438] 9710902] 9711356] 97118309| 9712294 
936] .971507S| 9715542 9716005 9716469 9716932 
937] 3.9719713] 3-9720176 3.9720639 3.9721192| 3.9721565 
9338] 9724343 pt 9725268 9725731 9726193 
939] 9728968] .9729439| ,9729892| .9730354| 9730816 
949] -9733558| .9734950| 9734511] .9734973| 9735435 
941] .9738203| .97338664| .9739126| ,9739587| 9740048 
942| .9742814| 9743274 9743735] 9744196] 9744656 
943| 3-9747419 3.9747879| 3-9748340| 3.9748800| 3.9749260 
944] .9752020| 9752479| 9752939| 9753399| 9753858 
945] 9756615] 9757075| 9757534) 9757993] 9758452 
946] 9761206 9761665| 9762124} .9762582| .9763041 
947] 9765 702 9766251 9766709| .9767167| 9767625 
948] 9770373] 9770831! 9771289| 9771747] 9772204 
949 | 3-97749591 3-977 5497  3.9775864 | 3.9776322|3.97 76779 
95o| 9779521] .9779975| 97804351 9780892] 9731348 
951] .9784088] .9784544| 9785001! 9785457} 9785915; 
952] 9788650] 9789106| .9789562| 9790017 9790473 
953] -9793207| .9793662| .9794118} 9794573] 9795028 
954] 9797759 — .9798669| 9799124} 9799579 
955 | 3-9802307|3.9802761 |[3.9803216| 3.9853670| 2.9804 125 
956] .9806850| .9807304| .9807758j .9808212| .980866c 
957] 9811388] .9811841| .9812295| 9812748| .9813202 
958] 9815921] 9316374} .9816827| .9817280 9817733 
959| 9820450] .9820902| .9821355| .9821807|* .9822260 
960] .9824974| .9825426| .9825878] .9826330 —_ 
| 961] .9829493" .9829945 |0.9830306! ,9830848 YEgT2 


————— 


O | I 2 3 " SY 
3-9831751 [3.9832202 | 3.98326 54 |3-983310F | 3.9533556 
.9836263| .9836714| .9837165| 9837616 | ,9838066 
.9842770| 9841221] 9841671] 9842122 | 95425 72 
9845273| 9845723] .9846173| 9846623 | 9847073 
9849771] 9850221] .9850670| 9851120 | 95851569 
9854265 9854714 YS55 163 9855612 9856061 
3-9858754|3-9859202| 3.985965 1 [3-9860099 | 3.9860548 
98563238] ,9863586| .9864134| 9864582 | .95865030 
9867717| .9$68165| .9868613 | -9869060 | .9869508 
.9872192| .9872640| .9873087| 9873534 | 9873981 
-9876668| 98977109| .9877556| -9S73903 | 9878449 
.9881128| 9881575] .9882021| .983246>| 9882913 * 
3-9885590| 3.9886035 | 3.9886481 | 3.9886927 | 3.9857373 
»9$899046| .9899492| .9890937| 9991382 | .9891828 
9894498] .9894943| 9895388] 9895833 | 9896278 
.9858946| .9899390| 9899835 | .9920279 | 9999723 
9923389 | .9903833| 9994277 | 9904721 | .9905I64 
9997827 | 9998270] .9908714| 99299158 | .,9999601 
3-9912261|3.9912704| 3-9913147| 3-99 13590 | 3.9914033 
.9916690|-.9917133] 9917575] +9918018\ 9918461 
.9921115| 9921557] .9921999| 9922441 | 99228534 
9925535! -9925977| .9926419| 9926860 | .9927302 
9929951] -9930392| 9930834] 9931275 | 9931716 
9934362 | 9934803] .9935244|_:9935655 | -9936126 
3-9938769 | 3.9939210| 3-9939650 | 3-9940090 | 3.9949531 
29943172] .9943612| 9944051] 9944491] 9944931 
.9947569 | 9948009 | .9948448| 9948888 | 9949327 
.9951963| *9952402| 9952841] +995 3280 9953719 
9956352| 9956791] -9957229| 9957668] 9958106 
.9960737| .9961175| 9961613] 9962051] 9962459 
3-9965117|3.9965554| 3-9965992 | 3:9966430 | 3-9966865 
9969492| .9969930| .9970367| .9970304| 9971242 
.9973864| 9974301] 9974733] .9975174| 9975611 
9978231] .9978667| .9979104| 9979540 | 9979976 
.o982593| .9983029| .9983465 | .9983901| .99843;7 
9986952] .9987387| .9987823| 9988268 | .9988694 
.9991305| -9991740| 9992176]. 9994611 | .9993046 |. 
9995655 | -9996090) 99965241 9992959 | $997393 \ 


—_— x | 4 HE He ES | 
962 414 6 3-9834+59 | 3-98349109| 3.9835 361 | HOSISELL | 
963] .9838517| .9538968| .9839419| .95339869| .9840320 
964| .9543922| .9543473] 9843923] 9844373] 9844823 
965| 9347523) 9547973] 9348422] 98348872] 9849322 
966| 9852019] -9352458] 9852917] 9353366] 9353816 
957] 9856519] 9356959] 9557407] 9857856] 9858;05 © 
9968S 3-9556299613.9361445 | 3.985189 3 3.9862341 | 3.9862790 
959] 93865475] .9365926| .9856374| .9366322| 9867270 
970] 9369955] 9870403] 95790350} 9821298] 9871745 
971] .987442d| 9374875] 9575322] 9875769} 9876216 
972| .9378896| 9379343] -9579789| 9330236 | 9880682 
973] .983336>| .9383$25] .9534252} 9334598] .9885 144 
9741 3-9887513513.98385254| 3.9585 740] 3.958y 155 | 3.9889601x 
975| 9892273] -95927135] .9353163] .9893608| 9994053 
976] 95896722] 9397167] .95397612] 9598956] 9898501 
977| 9901168] ,9991612| ,9992556| .9952590| ,9992944 
978] .9905608| .9936052| 9996496} .9995940| .9997383 
979] 991909044] -99194S3S| .99109I11 9911374] 9911818 
989] 3-9914476|3.9914919 | 3.9915362{ 3.9915805 | 3.9916247 
981] .9918903] -9919345| -99197dS\| .,9920230| 9920673 
982] .9923326| .9923768| 9924219] .9924551| .9925093 
983] .9927744] 9928185 | .9928627| .9929068 9929510 
9384] .9932157| 9932598 | .9933239| .9933480| .9933921 
985] .9936566| .9937007| .9937448| .9937888| .9938329 
996}, 3.9942971] 3.994I411 | 3.9941851; 3.9942291 3-9942731 
937] .9945371] .9945811| -9946251| .9946690| .9947130 
988] .9949767| .9950206| 9950645 | 9951085} 9951524 
989| .9954155| .9954597| -9955036j 9955474] 9955913 
990] .9958545| 9958983] +9959422| 9959860] .9960298 
991i] .9962927| .9963365| .9953823 | 9964241] 9964679 
992|3.9967303] 3.9957743 2.9963180 | 3.9968618 3-996g9055 
993 9971579 9972116 9972553 | -9972990 9973427 
994 9976048 9976485 29976921! 9977358 9977794 
995] 9980413] .9980849| 9981285} 9981721 9982157 
996] ,9984773 9985209 | 9985645 ; -9986080j .9986516 
997| 9959129] .998956;. .9999209; 9992435 | -9990870 
998] .9993431| .9993916, .9994350' ,9994785| 9995220 

999] .9997828] .9998262 9998697 | 9999131] 9999566 | 


- -— ———- - wa-- ————— 


| — — 


A | 
Triangular Canon 


Logarichmical . 
Gi 


O R, 
A TABLE of Artificial SINES, 
TANGENTS, and SECANTS, 


the Radius I0.0000000 ; ard toevery 
Degree and Minute of the 


QUADRANT: 


— | 


LOND ON, Printed by Jobn Darby, for John 
Seller, and fobn IVingfield, 1673, 
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A Table of Artificial Dines, 


o Degrees, 


— 
_— 


| wv | CA YIry = | 


F834 
»> 0 


1 ] 14 4 | 4 £0 
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